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Aveling & Porter, L ‘4 


ROCHESTER. 


Steam & Crude Oi Roters. 


SPECIAL ROLLERS FOR 


BITUMINOUS ROADS. 1869 


& CO. 1922), 


a 
GLASG 


Y ARRO 


PASSENGER AND CARGO STEAMERS, 


SHALLOW DRAFT VESSELS. 
1552 








A Memtora, L'- 


CULVER STREET WORKS, COLCHESTER. 
On ADMIRALTY AND Wak OFFICE Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 

See advertisement page 10. 


PATENT WATER-TUBE BOILERS. 
AUTOMATIC FEED REGULATORS. 


And Auxiliary ee as supplied to the - 
21 


eters _ 


ALL DESCRIPTIO! 
FLOATING CRANES. © COAL BUNKERING 
HAARLEM, 


Werf Conrad, HOLLAND. 
Agents; MARINE WORKS, Lrp., Fatars House, 
39-41, New Broap Sr,, ‘LONDON, B.C. 2. 
See half-page Advert, last week and next week. 2087 


QRANES. All Types. 


GEORGE RUSSELL & CO. LTD., 
Motherwell. 1867 
































~ STEEL TANKS, PIPES, GASHOLDERS, &e. 
BIRMINGHAM. 1241 
See Advertisement last week, page 19. 
PATENT 

LERS See a 7. 
Sole Makers ; SPENCER BONECOUNT, eg Xo 
Mrank Locomotives. 

Specification and Lewes wom equal to 

R. & W. HAWTHORN, LESLIE 2 & CO. Lrp., 
& W. MacLellan, Ltd., 

CLUTHA WORKS, GLASGOW. 
M 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION. 
Chief Offices: 129, Trongate, Glasgow. Od 8547 
Registered Offices: Clutha <4 10, Princes St., 
atent 
LIMITED. 
H ammers, Presses, Furnaces, 
COVENTRY. 610 
BUTTERWORTH BROS., Lid., 
Newton Heath Glass Works, 

Od 9753 
5D ARS OF EVERY 
DESCRIPTION. 


on Piggott & Co., Limited, 
Rarer L1opword & K#! irke 
Parliament Mansions, Victoria St., London, 8 
Main Line Locomoti 
ENGINEBRS, NEWCASTLE-ON-TYNE. 1864 
ANUFACTURERS OF 
RAILWAY IRONWORK, BRIDGES, ROOFING, &. 
a Westmiuster, S.W.1 
Brett's ifter Co} 
]2vincible ( auge ( lasses. 
¥ Manchester. 
AUTOGEARS (Lxxps), Lrp., oping gr 


Hyde Park 
Leeds. 2153 


(Campbells & ene, L'¢ 


Gear Cutting. 


Worm Wheels cut up to 13 ft, diam. 
Bevel and Mitre Wheels planed up to 3 ft. diam. 
Spur Wheels cut up to 9 ft. diam. 

DOLPHIN FOUNDRY, LEEDS. 4547 


Vosrer « Co. Lr. 


PorTSMOUTH, 
SHIP & LAUNCH BUILDERS, 043551 
___ ENGINEERS & BOILER MAKERS 


THE GLiaseow RoLiine STocK aND PLant WoRKS. 


Ht: Nelson & Co., Ltd., 
BuildersofRAILWAYCARRIAGES,WAGONS 
ELECTRIC CARS, and EVERY OTHER DESCRIPTION 
oF RAILWAY and TRAMWAY ROLLING STOCK, 
Makers of WHEELS and AxLEs, RAILWAY PLANT, 
Foreines, SMitH WoRK, IRon & Brass CasTinas. 
PRESSED STEEL WORK OF ALL KINDS. 003382 

Reg. Office and Chief Works: Motherwell. London 
Office : 32, Great St. Helen's, Bishopsgate, H.C. 3. 


IL FUBL APPLIANCES, 
Systems 
PRESSURE, AIk, STEAM 
For Boilers of ali types. 


KERMODES LIMITED, 
35, The Temple, Dale Street, 
Liverpool. 

Naval Outfits a Speciality, 
also for Merchant Ships, for 
Factories, Locomotives, and 
Industrial Process Furnaces 
of all kinds. 

Supplied to the British and 
other Governments. 


Telephone No.: ee 2832, 
Telegrams; “ Warmth 


ocomotives Tank Engines 
designed and constructed by 

MANNING, WARDLE AND COMPANY, Lrmrrep, 

Bo yne Engine Works, Leeds. id 2487 

See their Tus, Advertisement, page 91, last week. 


earing of all Descriptions. 


GEAR WHEELS up to 10 to 10 ft. diameter. 

FLY ROPE and SPUR DRIVING WHEELS 
up to 28 ft. diameter. 

BRICK and OLAYWORKING MACHINERY 
of all kinds. 

ENGINKS :—‘* Unifiow,” 
Valve. 

CLAYTON, GOODFELLOW & Co., Lrp., 
_ Blackburn. _1249 








4078 








“Corliss,” or Drop 


R. +. E Pickering & Co., Ltd. 
yostecnt, Hh 1864.) 

BUILDERS of RAILWAY CARRIAGES & WAGONS 
MAKERS of WHEHL and AXLES of all kinds 
RAILWAY WAGONS FOR HIRE. 

Chief Works and Offices : 
WISHAW, near GLASGOW. 


London Office : Od 8353 
3, Vicroria STREET, WESTMINSTER, S.W. 





Fe ler, Horsey , Sons & Cassell. 


SPRGLALISTS 
SALE AND VALUATION 
oO 
PLANT AND MACHINERY 


an 
ENGINEERING WORKS. 


li, BILLITER SQUARE, E.C.3. 





Iron and Steel 
ubes and Fittings. 


pole J icensees in Great Britain for the manufacture 
Armeo” Rust and Corrosion Resisting Iron 
Tubes, 817 


he Scottish Tube Co., Ltd. 


EAD) OFFICE: 34, Robertson Street Glas, ow. 
See Advertisement, page 5D. . 








Patents. .—Exhibition Visitors 
can obtain information respecting patents, etc., 
from B. T. KING, Regd. Patent Agent, 1464, Queen 
Victoria St., B.C. 4, For free appointment Wembley 
Exhibition, "Phone Central 682. Handbook free. 
a Your Repairs or any 

SPECIAL MACHINERY, try 

THOMAS HUNT & SONS, 
Albion Ironworks, 
Bridge Road West, Battersea, 8.W. 11. 

Est. 1854. 2213 
HK. J. Davis, M.I.Mech.E., 
Gas Engines Inspected, Tested and 
Reported upon. Over 25 years’ experience. Tel. : 
ieeryinnd 1136 & 1737. Wire ; ‘‘Rapidising, London.” 
—Great Kastern Road, Stratford, #.15, 1794 


Rosser and Russell, Ltd. 
MECHANICAL ENGinaens, 
QUEEN’S WHARF, HAMMERSMITH, Ww. 
Undertake SPECIAL MACHINE WORK 
any description. 

WELL KQUIPPED SHOP. 
LATHE WORK up» to 10 ft. diameter. 
*"Fhone; Hammersmith 31, 967 


of 


9211 





1475 





J 





MILLWALL, LONDON, E. 1216 
Sriuts, Perrot Tanks, Arm RECEIVERS, STEEL 
1RON & STEEL 
Srewarrs AND Liovxns, Lia. 
rotherhood I td., 
STHAM ENGINES AND TURBINES, 
4 
REFRIGHRATING PLANT, 
ohn Kirkaldy, Ltd., 
Maker: 
Feed Water Heaters. 
Main Feed Pumps. 
&c., &e. 1586 
wden - Siemens 
One High-Class Horizontal 
on face, very suitable for export, for driving factory, 
HYDRAULIC PUMPING ENGINES, hy 
Two Steamdriven 
In new condition and all seen here at Glasgow. 
JOH 
st. Enoch Square, Gi _ 21 
Spurs, Bevels. 
HIGHFIELD GEAR CUTTING CO. 
CELITE PRODUCTS CORPORATION, 


-j ohn Bellany, I imited, 
GENERAL CONSTRUCTIONAL ENGINEERS, 
Boilers, Tanks, &Mooring Buoys 
Curmyrys, RIVETED STEAM AND VENTILATING PIPES, 
Hoppers, SrerctaL WoRK, REPAIRS OF ALL KINDS, 
Tubes AND Fittings 
AND 
Steel Plates. 
GLASGOW BIRMINGHAM - LONDON. 

See Advertisement, page 59. 1872 
P eter 
PETERBOROUGH, 
S AND OIL ENGINES. 
AIk COMPRESSORS. 
See Advertisement, page 53, June 6, 
ON ADMIRALTY LIST. 
London Office: 101, LEapENHALL Sr,, B.C.3, 
Works: Burnt — ys Har.ow, Essex. 
Evaporating and Distilling Plants. 
Refrigerating and Ice-making Machinery. 
Hivaporators, 
Fresh Water Distillers, 
Combined Circulating and Air Pumps. 
Auxiliary Surface Condensers, 
[mp orice ar ioe Immediate 
Pe mt AT fi zee. 
ELECTRIC. “GRNERATING SET, 250 volis D.C., 
350 r.p.m., 155 lbs. pressure. 
Side - by - Side 
COMPOUND CORLISS ENGINE, 200 1.HP. at 
80 r.p.m., belt flywheel J2ft. diameter by 2 ft. 6}in. 
sawmill, etc. 

One Powerful Set COMPOUND HORIZONTAL 
Sir Wm. Arrol & Co., capacity 200 gallons per 
minute. 

CENTRIFUGAL PUMPS, 
by Drysdale, capacity 1250 and 1390 gallons per 
minute. 

H. RIDDMHL Lrp., 
Paar. ), St. Enoch Square, Glasgow. _ 
MACHINE CUT 
ears. 
Spiral, Worm and 
Worm Wheels. 
Dept. H.), 
Huddersfield, 1645 
RAT PRNIQITT AMIAN 
EAT PNSULATION. 
Windsor House, Westminster, 8.W.1. 
See our Illustrated Advertisement, June 6. 


1675 





ames LD. ltoots.—Patents. 
BRITISH and FOREIGN. Moderate charges. 
Long and varied practical Engineering experience 
valuable toInventors, Former! many years contrib- 
utor of Patents Abstracts for “The Engineer” & ‘‘The 
Times.” ”—Thanet et House, Temple Bar, London, W. C. 2. 


‘Telegrams: s Epa,” London. 
Telephone: 7424 Central. 


K P Alexander & Gon. 


OHARTERED PaTENT AGENTS, 
306, High Holborn, London, W.C. 1. 585 
PATENTS. DESIGNS. TRADE MARKS. 


Yemi - Automatic 
METALLOGRAPHY 
—at the rate of over 100 per hour at x 100, 
F, DAVIDSON & CO. (see page 77), 








29, Great Portland St., London, W.l. 2114 


Reyles Limited, 

ENGINEERS, IRLAM, MANCHESTER, 

FEED WATER HEATERS, 
CALORIFIERS EVAPORATORS, 

CONDENSERS, AIR HEATERS, 

Merrill’s Patent TWIN STRAINERS for Pump 

Suctions, 
SYPHONIA STEAM TRAPS,REDUCING VALVES, 
High-class GUNMETAL STHAM FITTINGS. 

WATER SOFTENING and FILTERING, 6723 


VY ARROW ¥ 


ROW’S 
PATENTS, 


CO. (1922), LTD., 
GLASGOW, 


LAND AND MARINE 


YARROW BOILERS. 
1553 


Matthew pz & (-, L' 


LEVENFORD WORKS, Dumbarton. 2112 
_ See Full Page Advt., page 63, May 23, _ 


Frorsings. 


Wise: 6 


reylor & (‘hallen 


resses 
For Production of SHEET METAL WORK, 
COINAGE, CARTRIDGES AND GUNPOWDER. 
Foundry, Works aud Showrooms ; BIR oe 
See Advert., page 60, May 23. 8195 


H=4. Wrightson & Ce 


LIMITED. 





omers, Limited, 
" HALESOWEN. 7116 


_See Advertisement page 64. . 240 
ailway 
G witches and 
rossings. 
€. amas & SONS, LIMITED, 


DaRLINGTON. 
RAILWAY AND TRAMWAY ROLLING STOOK. 


HH. N elson & Oo], td., 
THE Guiasaow Roitiine Srock anp PLanr Works, 
MOTHERWELL, _Od 3383 
T* 
Engineering Company, 
GOVAN, GLASGOW, Ltp., 
London Office—12, Victoria at S.W. 


MANUFACTURERS 0: 
RAILWAY eae WAGON & TRAMWAY 
WHEELS & AXLES. 


CARRIAGE & WAGON IRONWORK, also 
_CAST-STEBL AXLE BOXHS. 148 


FKilectric (Jranes. 


T raversers. 
[['tansporters. 


Lifts. 


S. H. HEYWOOD & Co., Lzp., 
Reddish. 


Glasgow Railway 





1357 





(jentrifugals. 


Pott, Casi & W ittiamson, 


MOTHERWELL, SCOTLAND. 
1676 





See half-page Advertisement, page 61, June 6. 
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[the Manchester Steam Users’ 


ASSOCIATION. 


For the prevention of Steam Boiler Explosions and 


for the attainment of Economy in the Application 
of Steam. 9, Mount STREET, MANCHESTER. 
Chief Engineer: C, BE. STROMEYER, M.I,0.E, 
Founded 1854 by Sir WILLIAM FalrRpalRy, 
Certificates of Safety issued under the Factoryand 
res Act, 1901. a for Damages 
and Liabilities paid in case of Explosions. Engines 
and Boilers inspected during construction. 2005 


c, Engineering. 
x = ec 

A‘ Special RECAPITULATION ORAL COURSE 
of Two Weeks’ duration, commencing JUNE 23rd 
next, to JULY 5th, will be given in London during 
both day and evening,by Two Experienced Lecturers, 
to students who are taking the B.Sc. Examination 
in Engineering.—For further particulars, address, 
D 980, Offices of ENGINEERING. 


(Sorrespondence Courses for 
Inst.Oivil Engrs,, Inst.Mech.H.,London Univ. 
<{Matric,, Inter., B.Sc.), and All ENGINEERING 
EXAMINATIONS rsonally conductcd by Mr, 
TREVOR W. PHILLIPS, B Sc. (Honours), Assoc. 
M.Inst.C.H., M.R.S.1., F.R.S.A., eto. Also Day 
Tuition in Office. Excellent results at all Exams, 
Courses may commence at any time, and all 
Students receive individual tuition.—For full par- 
‘ticulars apply to 8/11, TRaArFoRD CHAMBERS, 58, 
Sours JoHN STREET, LIVERPOOL. 1993 


Pyrsineering Salesmanship 
and SALES MANAGEMENT.—Write for 
brochure describing our special Course of Training 
for poste of unlimited scope in this lucrative field.— 
DIRECTOR, Institute of Engineering Salesman- 
ship, 423, Oxford Road, Manchester, a 2108 
ry ; 
TT G. Howes ‘Thomas, (Inst. 
A. « C.B, Coach, late of Westminster), Consulting 
Mogineer, has resumed his ‘* Up-to-date ’’ Coaching 
by correspondence, and is prepared to advise on 
proposed or accepted patents. 
34, Baldwin Street, Bristol. D 847 











TENDERS. 





’ | ‘he Director - General, 
India Store Department, Branch No. 16, 
Belvedere Road, Lambeth, S5.E.1, 
REG ULRES :— 
1. COPPER FIRE-BOX PLATES. 
2. GIRDER BRIDGHS. 
3. GALVANIZED STKEL 
Corrugated and Plain 
Tenders due on the Ist July, 1924, for No.1, and 
on Lhe 4th July, 1924, for Nos. 2 and 3. 
Tender forms obtainable from above. 


~~ BOMBAY BARODA & CENTRAL INDIA 
RAILWAY, 


SHEETS, 
Fi 


The Directors are prepared to receive up to Noon 
on Friday, 27th June 


[Tenders for the Supply of :— 
1, STERL MATERIAL (Channels, Angles, 
Plates, etc.). 
2. BOLTS, NUTS & RIVETS. 
3. CHEMICALLY DRESSED 
COVERS, etc. 

Tenders must be made on forms, copies of which, 
with Specification, can be obtained at these Offices 
ou payment of 20s. each for Nos. 1 and 2, and 10s. 
each for No. 3 (which will not be returned), 

The Directors do not bind themselves to accept 
the lowest or any Tender. 


WAGON 


8.G. $. YOUNG, 
Secretary. 
Offices: 91, Petty France, 
Westminster, 8.W.1. 
6th June, 1924. 


METROPOLITAN WATER BOARD. 
MAIN, CRICKLEWOOD TO MARBLE ARCH. 


TENDERS FOR THE LAYING AND JOINTING 
OF 42 INCH AND 386 INCH DIAMETER CAST 
IRON MAINS BRTWEHEN CRICKLEWOOD AND 
MARBLE ARCH, 
The Metropolitan Water Board invite 

Tf\enders for Laying of 42 in. 
and 36 in, internal diameter WATER MAINS 
from the Board's works at Cricklewood in the Parish 
of Willesden, to Seymour Street in the Parish of 

St. Marylebone, together with contingent Works 
Drawings, Conditions of Contract, and Speci- 
fication may be inspected without vayment of fee 
at the Offices of the Board, Chief Engineer's 
Department (Room 201), on and after 16th June, 1924. 
Form of Tender, Conditions of Contract, and 
Specitication, Bills of Quantities, and Schedules of 
Prices, together with drawings and a spare copy 
of the Bills of Quantities and Schedules of Prices, 
may be obtained on and after 19th June, 1924, from 
Mr, Henry HR. Stireor, M.Inst C.K., the Chief 
Engineer, on production of an official receipt for 
the sum of £20, which sum must be deposited with 
the Accountant to the Board, and will be returned 
on receipt of a bona fide Tender, accompanied by all 
the above-named documents and drawings (with 
the exception of the spare copy of thw Bills of 
Quantities and Schedules of Prices, which may be 
retained by the Tenderer), Such payments and 
applications must be made between the hours of 
Ten a.m. and 4.30 p.m. (Saturdays Ten s,m. and 
Twelve noon). Cheques must be made payable tothe 
* Metropolitan Water Board "and not to individuals, 
Tenders enclosed in sealed envelopes, addressed to 


D 996 


“The Clerk of the Board, Metropolitan Water Board, | 


New River Head, Clerkenwell, B.C.1, and endorsed 
“Tender for Mainlaying, Cricklewood to Marble 
Arch,” must be delivered at the Offices of the Board 
(Room 123) not later than Ten a.m. on Monday, 7th 
July, 1924. 

The Board donot bind themselves to accept the 


Wowest or any Tender. 
G, F. STRINGER, 


Clerk of the Board, 
Offices of the Board, 
New River Head, 
Clerkenwell, B.C. 1, 


10th June, 1lv24. Fé 


COUNTY OF LONDON. 


‘edhenie TO THE PAVEMENTS OF BLACK- 
WALL AND ROTHERHITHE TONNELS. 


The London County Council invites 


| T'enders for Repairs to the 


} PAVEMENTS of BLACKWALL and 
ROTHERHITHE TUNNELS. 

The Specification, Form of Tender, etc., may be 
| obtained ‘on application to the Chief Engineer of 
the Council at the Old County Hall, Spring Gardens. 
8.W.1, upon payment of the sum of £3. This 
amount will be returnable only if the Tenderer 
shall have sent in a Lona fide Tender, and shall not 
have withdrawn the same, -Full particulars of the 
; work may be obtained on personal application, and 
; the contract documents may be inspected before 
the payment of the fee. 

No Tender received by the Clerk of the Council 
at the County Hall, Westminster Bridge, S.K.1, 
after Four p.m. on Monday, 30th June, 1924, will 





be considered. 
The Council does not bind itself to accept the 
lowest or any Tender. 
JAMS BIRD, D 992 
Clerk of ti e London County Couxcil. 
STATE ELHCizLicITY COMMISSION OF 
VICTORIA, 
Melbourne, 
Victoria, 
AUSTRALIA, 


enders are Hereby 
Invited forthe SUP PLY, ELIVERY, 
: etc., of the following for the Morwell 
Power Scheme, 
Copies of Tender Form and Specification will be 
available upon application to :— 
AGENT GENERAL FOR VICTORIA, 
Melbourne Place, Strand, 
London, W.C.2, 
SpEcIFICATION No. 24/38— 
BUSHING INSULATORS 
FOR 6600 V, TRIFURCATING BOXKS., 
CHARGE :—£2 2s. for the first three copies of Tender 
Form, Conditions of Contract and Specification 
complete. This charge will be returned on receipt 
of a bona-fide Tender. A fourth copyandany further 
copies will be supplied for the sum of 10s. 6d. each, 
This charge is not returnable. 
PRELIMINAtY Depestr:—A Preliminary Deposit 
of £10 is to be lodged with Tender. 
The Specification may be inspected at the above- 
mentioned office. 
The Commission does not bind itself to accept the 
lowest or any Tender. 
Tenders on presciibed form, properly endorsed 
and addressed, must be delivered tothe undersigned 
in Melbourne, not later than Five p.m., 15th 


September, 1924. 
Rk, LIDDELOW, 
Secretary. 


>: 


D 956 








APPOINTMENTS OPEN. 


CHESHIRE COUNTY COUNCIL, 
EDUCATION DEPARTMENT. 


NORTHWICH VERDIN TECHNICAL SCHOOL 
AND SCHOOL OF ART. 


A plications are Invited for 
undermentioned POST in the above-named 

Technical School :— 

PRINCIPAL.—Candidates must have a degree in 
Engineering or an equivalent qualification and 
have practical experience in Engineering and in 
teaching Engineering Science. Salary, subject 
to the usual deductions, commencing at £550 per 
annum and rising by annual increments of £25 
to a maximum, £700. 

Forms of application, to be returned by 30th June, 

1924, and furtver particulars may be obtained from 


the undersigned, 
F. F. POTTER, 
Direetor of Education. 
County Education Offices, 
City Road, Chester, 
7th June, 1/24. 


D 989 

ADMINISTRATIVE COUNTY OF LONDON, 

The London County Council will 
- ’ T 
equire, in September Next, 
at the L.C.C. Hackney Institute, Dalston 
Lane, N.E. (situated at the junction of Amhurst 
Road and Daiston Lane) a VISITING THACHER 
of Advanced Electrical Engineering, for senior 
students for two evening attendances weekly of 
about three hours each at a fee of 22s. an attendance, 
Preference given to candidates who have served 
or attempted to serve with His Majesty's Forces.— 
Apply, Education Officer (f,.1.a.), The County Hall, 
Westminster Bridge, {S.W.1 (stamped addressed 
foolscap envelope necessary) for form to be returued 
by 27th June, 1924. Canvassing disqualifies. 

JAMES BIRD, D 985 
Clerk of the London County Council. 





ROYAL AIR FORCE, 
CIVILIAN EDUCATIONAL STAFF, 
A pplications are Invited 
for VACANCIES in Grade III. and 
Grade LV. to be filled in September. 

Applicants must have served in the War 1y14-18, 
and preference wiil be given to those who have had 
experience as commissioned officers. 

Scales of Pay: Grade LIT. — £240— £15 — £500; 
Grade 1V. — £190 — £1z}— 2400. PLUS a fixed 
{allowance varying from £40 to £100 per annum 
according to Grade and position on the Scale. The 
Scales aie subject to the voluntary abatement of 5% 
and to a deduction of 5% on account of superannua- 
tion. 

Allowance may be made for War Service and for 
previous experience of a suitable character. 

Forms of application and furthur particulars may 
be had from the SHORETARY, Air Ministry, 
Adastra] House, Kingsway, W.C.2. Previous ap- 
plicants who have notified in writing their wish to 
have their names placeil on the “ waiting list ” 
, need not re-apply. F 18 





.Factory in Australia. 


COUNTY BOROUGH OF BARNSLEY 
EDUCATION COMMITTEE, 


TECHNICAL AND MINING SCHOOL. 


PRINCIPAL :—D. PATON GRUBB, A.R.S.M., 
M.ENG., ETC, 


APPOINTMENT OF FOLL-TIME TEACHER 
IN ELECTRICAL ENGINEERING. 


The Higher Education Committee invite 


pplications from Fully 

qualified persons for the POSITION of 

FOLL-TIME TEACHER in Electrical Engineering 
Subjects, 

Degree or its- equivalent and practical experience 
essential. Salary in accordance with Burnham Scale 
for Technical Teachers, less usual deductions, 

Full particulars regarding the position may be 
had upon ce aT to the Principal, 

i. DAV 


Director of Education. F23 





(Chief Chemist, Temporary or 
Permanent, REQUIRED for Portland Cement 
Applicants must have first- 
class experience with modern Rotary Kilns 
operating on the Thick Slurry Process. Free 
quarters and allowances a pb he = a stating 
fully experience, age, and salary, to W. J. C., 
Epe@ar ALLEN & Co., Ltd., Imperial Steel Works, 
Sheffield. D 962 





W orks Manager, Really High- 

Class REQUIRED for Modern Engineering 
Works in West Riding, Yorkshire. Must have 
organising abilities, able to control workmen and 
foremen, a:.d have held similar successful position. 
State fullest particulars,—Address, D 943, Offices 
of ENGINEERING. 


Photo- Blue Printing.— 
MAN WANTED to take charge of Manu- 
facturing Engineers’ Blue Printing Room and 
Drawing Files, Kaowledge of Hall’s Rotary Photo- 
Copiers and modern Blue Printing, Photostatie 
and Reproduction processes essential, together with 
experience of routine filing and card indexing.— 
Address, stating age, experience and salary required, 
D675, Offices of HNGINKERING. 





Steel Castings.—Representa- 
hI TIVE REQUIRED for Steel Foundry; 
capacity 300 tons per month, with available space 
for extension. Appheant must have influence and 
connection. Seat on Board may be arranged. State 
fullest particulars, salary required, in confidence.— 
Address, D $81, Offices of ENGINEERING. 





he Rover Company Limited, 

Coventry, REQUIKE SERVICES of 
MACHINE SHOP SUPERINTENDENT. Must 
have abs.lutely first-class experience in planning 
for accurate and economical production on large 
scale of motor car paxts.—Apply, by letter only, 
stating full particulars and salary required, to 
WORKS MANAGER, THE Rovere Company 
LIMITED, Coventry. D986 





. ~ ° 
ection Engineers 
; 3 REQUIRED for the Construction 
Rain Branch of the FEDERATED MALAY 
STATES RAILWAY, for four years’ service 
with possible extension. Salary $400 a month 
rising to $175a month by annual increments 
of $25a month plus a temporary non-pensionable 
allowance of 10% which is liable to cancellation or 
revision plus a commuted Field allowance of $50 a 
month, The exehange value of the dollar, in 
sterling, is at present fixed by the Government at 
2s. 4d., but its purchasing powers in Malaya is at 
present considerably less than that of 2s. 4a. in the 
United Kingdom. - Free passages jrovided. On 
expiration of agreement a bonus of six months’ 
salary may be allowed provided the work and 
conduct of the person engaged have been in every 
way satisfactory. Candidates, age preferably 
between 30 to 38 and unmarried, must be fully 
qualified Railway Engineers who have received 
good training and experience on recognised 
European, American or Colonial Railways, 
Members or Associate Memters of the Institution of 
Civil Engineers preferred, 
Apply at once, by letter, stating age, whether 
married or single, and particulars of qualifications 
and experience, to THK CROWN AGENTS FOR 
THE CULONIKS, 4, Millbank, Westminster, §.W.1, 
quoting at top of application M/12797. D 993 





THE COUNTY OF LONDON ELECTRIC SUPPLY 
COMPANY LIMITED. 


BARKING POWER STATION. 


The County of London Electric Supply Company 
Limated, require the 


Services of Three Engineers 
for the operation of their Power Station at 
Barking containing 100,000 Kws. plant which is now 
nearing cempletion, the positions for which applica- 
tions are invited are :— 

1. RESIDENT BNGINEER. 

2. BOLLEK HOUSE SUPERINTENDENT. 

3. TURBINE HOUSE SUPERINTENDENT. 

Applicants must have experience of the operation 
ofa large modern Power Station. 

Applications, with copies of testimonials (not 
originals) should be sent before the 2lst June, tothe 
MANAGER AND SECRETARY, County of London 
Klectric Supply Co,, Ltd., Moorgate Court, Moor- 
gate Place, K. 
short statement of the experience of the applicant, 
his age, and whether he is married or sing!e. 

The salary attaching to each position will 





depend upon the qualifications of the successful 
applicant. D995 


alt 


——= 
anted, An Electrica] 
ENGINEER with several years’ experience 
in design and layout of electrical wiring, switch} 
and instrument equipment as applied to electrie 
power stations. Replies should give full particulars 
of education and experience with names of co mpanies 
served and periods of eervice. Salary ex pected 
should. be stated and photo enclosed if available,— 
Address, D 983, Offices of ENGINEERING. : 


TT 
he Royal Air Force 
REQUIRES ELECTRICIANS 
ELECTRICAL FITTERS, pow 
STATION TRADESMEN and WIRELKSS OPERA. 
TORS. Age limits 19 to 30. Pay from 24/44, to 
38/6d per week, on enlistment, and all foung 
Allowance for wife and children to men 26 and over. 
—Write, stating age, or call, INSPROTOR oF 
RBCRUITING, R.A.F., 4, Henrietta Street, Covent 
Garden, London, W.C.2. D 385 








————.. 


ngineer Required by 
Yorkshire Municipal Electricity Supply Under. 
taking, to take charge of the operation (but not the 
maintenance) of Boiler Plant comprising over 29 
Babcock & Wilcox Watertube Boilers. Applicants 
should have had experience in the control of men 
possess a sound knowledge of the principles of 
combustion and efficient operation of Steam Raisin, 
Plant, and te capable of organising, carrying out an 
summarising the results of efficiency tests. Salary 
and conditionsin accordance with the Nationa! Joint 
Board Schedule (salary at present £376 per annum), 
Applications in candidates’ own handwriting, 
giving full particulars of experience and training, 
particularly with.reference to the points mentioned 
above to be made to D¥91, Offices of MNGINEERING, 
and to be received not later than June 27th, D99) 





SOUTH AFRICAN RAILWAYS AND HARBOURS 
ADMINISTRATION. 


ELECTRIFICATION OF PIETERMARITZBURG 
GLENCOK SKCTION. DISTRIBUTION SYSTEM 


( Jualified Engimeer is 
REQUIRED to take charge of the 


Distribution System for the above scheme; 
power will be generated at the Colenso Power 
Station, and will be distributed at 88,000 volts to the 
various automatically controlled sub-stations where 
it will be converted by means of large motor 
generator sets to 3000 Volts direct current for 
railway working. 


Applicants must be medically fit, and have bad 
previous experieuce in @ similar capacity, and will 
be required to take full responsibility for the 
operation and maintenance of the complete 
distribution system, 


Applications, which should be made on forms 
obtainable from this office, together with particulars 
and copies of testimonials as to training, experience, 
and salary required (all in duplicate), should be 
lodged with the SECRETARY, Office of the HIGH 
COMMISSIONER FOR THE UNLON OF SOUTH 
AFRICA, Trafalgar Square, London, W.C.2, not 
later than 19th June, 1924. D 947 





° = ° 
ssistant Engineer 
REQUIRED by the GOVERNMENT 

OF SIERRA LEONK, for the RAILWAY 
DEPARTMENT for two tours of from 12 to 18 
months’ service. Salary £480 for the first three 
years of service, then £510 rising to £720 a year by 
annual increments of £30,and thence to£920 a year by 
annual increments of £410. Free quarters aud first- 
class passages. Liberal Jeave at home on full salary. 
Candidates, 28 to 35. years of age, must have had 
good experience as Civil Engineers on Railway 
Maintenance.—Apply at once in writing, giving 
brief outline of qualifications aud experience and 
stating age, to THE CROWN AGKNTS FOR THE 
COLONIES, 4, Millbank, Westminster, S.W.1, 
quoting clearly at head of application en, oat 


}\xperienced 
DRAUGHTSMEN, must be quick and 
stating experience 
references, to 
D 881 


accurate workers.—Write, 
and salary required and send 
A. V. ROE anv CO., Hamble. 


° ° ~ 
efrigeration.— Good 

DRAUGHTSMAN REQUIRED. Works 
London area. Experienced in refrigeration essential. 
Ability to design compressors a recommendation.— 
Write, stating age, experience, and salary required, 
BOX 1438, SELLS’ Advertising Offices, Fleet Street, 
E.C.4. D 987 


~ . 

Proundry Foreman Wanted for 

a Modern Foundry, a first-class practical 
Moulder with a knowledge of Marine and Diesel 
Castings up to 40 tons. Must be capable of 
estimating and fixing piecework prices, Ouly those 
with experience as Foreman and below 40 years of 
age need apply. Apply stating experience, with 
references and stating salary required.—A ddress, 
FOUNDRY, Wm. Porrrovs & Co., Advertising 
Agents, Giasgow. D 937 





Petters Limited, Oil Engine 


Manufacturers, Yeovil, have a VACANCY 








C.2, and should be accompanied by a , 


for a Thoroughly Competent and Energetic 
| FOUNDRY FOREMAN, to take full charge of 
| Foundry under the Managing Director. lie mus6 
; have had first-class experience in the rep 
| production of Engine Castings, and know !+‘ge o 
, the operation of hydraulic and jarring mo siding 
machines, and preferably have already held . 
similar position elsewhere. Applicants, w/c hosts 
| be between 30 and 45 years of age, shoul: give fu 

pafticulars of their experience, and state salary 
required.—All applications to be addresse’ [0 p 
SECRETARY, Perrers Limiren, Yeovil. D 
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THE NORTH TEES POWER igen} 


THERE is probably no power station in Great | 
Britain which has aroused greater interest than that 
of the North-Eastern Power Companies at North | 
Tees. The station of the Newcastle-upon-Tyne | 
Electric Supply Company, known as Carville “ B,” 
was not only technically in advance of all previous 
practice at the time it was built in 1913, but estab- 
lished a record for thermal efficiency which it has 
held until comparatively recently. The construc- 
tion of the North Tees station gave the companies 
another opportunity of placing themselves ahead 
of current practice, and, as is well known, they took | 
full advantage of it. The station, designed as was | 
Carville, by Messrs. Merz and McLellan, the con- | 
sulting engineers to the Newcastle-upon-Tyne | 
Electric Supply Co., Limited, and the Associated | 
Companies, embodied every modern improvement | 
in practice calculated to increase thermal efficiency. | 
The fact that a boiler pressure of 475 lb. per square | 
inch, and a steam temperature of 700 deg. F., were 





adopted as long ago as 1917, when the station was | | 


designed, indicates the boldness of the design, | 
while the reheating of the steam, the use of air pre- | 
heaters instead of economisers and the system of | 
multi-stage feed-water heating, are all features of | 
the most advanced practice. The station was | 
designed for an overall thermal efficiency of 21 per | 
cent. in routine operation, to attain which it would 
be necessary to produce a kilowatt-hour for 16,271 | 
B.Th.U., as average working practice. This ideal | 
has not yet been attained, but the load conditions 
on the North-East Coast, due to the depression in 
industry have been such that the plant has never 
yet had a chance to show what it can do. Even| 
under present circumstances, however, the North'| 


and the Cleveland district of Yorkshire, have 
been developed on a uniform plan, the systems 
of the respective companies being operated in close 
association as a single power supply network. 
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and steelworks on the Tees. In the Tees area the 
waste-heat supply was supplemented by a small 
coal-fired station at Grangetown, while the increased 
loads in the Tees area due to war industries were 
largely supplied by energy transmitted from the 
two main stations on the Tyne. 

Looking at the system as a whole, it therefore 
appeared that the most economical place at which 
to instal new plant was in the Tees area, where, 
except for a somewhat longer coal haulage, con- 
ditions were equally favourable for generation as 
on the Tyne. Having in view the rapid develop- 
ment of the Carville and Dunston stations, it was 
obvious that provision should be made for an even- 
tual very large development on the Tees. With 
this in mind, a site of 56 acres was obtained on the 
north bank of the River Tees having 2,000 ft. of 
river frontage. This site is capable of eventual 
development to some half-million kilowatts. 

The load of the North Eastern Power Companies 
is so great and the load factor so high that in normal 
times it will be possible to run the newer plant at a 
very high plant load factor, thus justifying the 


| design of the station on the basis of the maximum 


efficiency in terms of coal per unit sent out. During 
the previous fifteen years considerable advances 
had been made in improving the mechanical 
efficiency of turbines and the thermal efficiency of 
boiler plant, but no striking developments had taken 
place in fundamental principles. For instance, 
throughout this period, steam pressures remained 
round about 150 to 200 Ib. per square inch. As the 
limits of improved efficiency of individual items of 
plant were gradually approached it became evident 
that further increase in the efficiency of generating 
electricity from coal must be looked for in altera- 





tions to the complete thermodynamic cycle from 








Fie. 2. Tas Norte Trezs Powrr Station. 





Tees station shows the best efficiency of its class, | Since 1917 the association has been still closer, as|the burning of the coal to the rejection of heat to 
according to the annual reports of the Electricity | the Newcastle-upon-Tyne Electric Supply Company | the condensing water. Perhaps the most important 
Commissioners, and when more fully loaded there | then completed arrangements whereby it undertook | step was the construction in 1913 of the Carville 
is no doubt that the designed figure will be attained.| the operation and management of the whole of | “B” Generating Station in which for the first time 


The station at North Tees is one of a number | the Associated Companies’ undertakings. Previous 
which serve what is undoubtedly the best organised | to this, practically the whole of the coal-fired gene- 
area for the supply of electric power in the country. | rating plant of the group was concentrated on the 
The areas of the Associated Power Companies|Tyne in the Carville and Dunston Generating 


now controlled by the Newcastle-upon-Tyne Electric | Stations. 


A considerable proportion of the output 


Supply Co., Limited, covering 1,400 square miles| was provided by waste-heat plants at various col- 
in the Counties of Northumberland, and Durham | lieries in the Durham coalfield and at various iron 


so high a steam pressure as 275 lb. per square inch 
was adopted, together with generating sets designed 
to give the largest possible output at the maximum 
speed permitted by the system frequency. The 
steam was superheated to the high total temperature 
of 700 deg. F. The success of this installation and 
the desirability, already referred to, of obtaining the 
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maximum efficiency for the high load factor portion 
of the generating plant, encouraged a trial of still 
more radical changes in the cycle conditions at 
North Tees. 

In view of the departures in design introduced 
into the new plant it was decided to build a complete 
self-contained two-unit station so arranged that it 
could eventually either be treated as an annex to a 
larger station operating under the same cycle condi- 
tions or if, as a result of the experience, modifications 
in the cycle conditions were found desirable it could 
be kept entirely separate from any extension plant. 
The station was designed and construction work 
commenced in the year 1917. At this time the high- 
est steam pressure and temperature used in any large 
generating station were still those at Carville “ B.” 





‘feed water heating. 





Another suggestion which Ferranti had em- 
phasised, even if he was not the first to put it for- 
ward, for improving the efficiency of the cycle, was 
to bleed steam during the process of expansion for 
the purpose of heating the feed water, but this 
depended upon useful application being made in 
other directions of the heat in the flue gases which 
for many years past had been commonly used for 
The solution was to use the 
heat in the flue gases for heating the incoming air 
to the furnaces, provided that the resulting in- 
creased temperature in the furnace could be satis- 
factorily dealt with. Theoretically, as with re- 
heating, so also bleeding for feed heating should 
be done continuously throughout the turbine, the 
temperature of the feed being raised throughout by 


After an examination of the theoretical economy steam of a temperature very little in excess of 
effected by an increased steam pressure and | the water it is heating. But here again the theo- 


TABLE I.—NORTH-EASTERN POWER COMPANIES, NORTH TEES POWER STATION. 





of size was imposed by the system conditions w aa on 
deciding on the capacity of the twe main sets. 
It was possible, therefore, to select that size which 
gave the best combination of high efficiency with 
low capital cost. Except in the case of the largest 
machines, this usually means choosing the hichest 
practicable speed permitted by the system frequency 
—on the North East Coast, where 40 cycles is the 
standard frequency, this means 2,400 r.p.m.—and 
building the largest set which is mechanically 
possible at that speed. As far as the turbine was 
concerned a maximum continuous rating of 20,000 
kw. with a two-cylinder single shaft design at that 
time filled these conditions but with the experience 
then available a single generator of 20,000 kw. at 
0-75 power factor could not be built for 2,400 r.p.m. 
Accordingly, each set was equipped with two 10,000 
kw. generators permanently connected, mechanic- 





Boilers. 
Type of Boilers . Water-tube Marine, 
Steel cased. 

With Without 

act te Reheater. 
Number installed .. 5 
Heating surface of boiler, 8q. ft. 6, 758 6,980 
Heating surface of superheater, 8q. “tt. 3,050 8,050 

Heating surface of reheater, sq. ft. 5,490 — 

Heating surface of air oe. de ft. 5.4 9,245 
Grate area, sq. ft. a - 168 
one. 


Water economisers . 
Type of stoker Treveiling grate. 


Normal working oe pressure “at superheater 


outlet, lb. per squareinchabove atmosphere .. 475 
Normal working steam temperature at super- a 
heater outlet 700 deg. F. 


Normal evaporation per hour per boiler, ‘lb. 
Continuous overload capacity. 

Air pressure in main air flue, in. of water 
Normal capacity of reheater, lb. of steam per hour 75,000 
— capacity of reheater, lb. of stead per vamien 


42, 
25 per cent. 


enue of steam to be reheated, ‘bb. per square 
inch above atmosphere . 

Steam temperature entering Teheater 

Steam temperature leaving reheater at normal 


65 
350 deg. F. 


output... 520 deg. F. 

Dro 7 pressure, Ib. per square inch 
Outlet temperature flue gases from air heaters ors oe. 4 
ie 50 deg. F. 


Temperature of air entering stoker 
Mechanical Draught. 
. Messrs. Davidson’s “‘Sirocco”’ 
driven by variable speed 
slip-ring type motors. 
ote ae 4 


Forced draught fans 


Number te . 
Horse-power required er fan i ese “. ,. 20 me 
Type of induced draught fans .- Messrs. Davidson's “‘Sirocco 
driven by variable speed 
neti type motors, 
Number ee os 4 
Horse-power required per fan i <> 120 
Coal-handling Plant. 
Two steel plate receiving hoppers with duplicate coal crushers 
and filler plant situated underneath and feeding two gravity 
bucket conveyors delivering coal into the bunkers above boiler 


house 

Capacity of each hopper without trimming, tons. 50 
Capacity of each conveyor, tons per hour. . 40 
Coal storage 


Capacity on n site with existing siding accom- 
modation, tons. 
Capacity of bunkers over boilers, tons 
Ash and Soot Handling Plant. 
Central air exhausting plant with two 50-ton ash bunkers. 
Two air exhausters, each capable of dealing with 14 tons of 
ashes per hour. Two movable ash breakers. 


20,000 
800 











Turbo- Alternators. 


to 


Number installed 
Output of each set :— 
Maximum continuous ating at 0-75 lagging 


power factor, kw. é ; ay = 20,000 

Economical rating, kw. Se 16,000 

Voltage me ae ee 11,500 
Periodicity, cy cles per second .. maps ee 40 


Revolutions per minute ie 2,400 
Type of turbine Two-cylinder Rateau with 
one Curtis wheel. 

Normal pressure at turbine stop valve Ib. 08 

square inch above atmosphere A 450 
Normal temperature of steam at stop valve — 650 deg. F. 
Maximum temperature of steam at stop valve .. 750 deg. F 
Normal vacuum in condenser (30° bar.), in. .. 29} 


Temperature to which steam is reheated . 500 deg. F. 
Pressure at which steam is reheated, Ib. pet square 

inch above atmosphere .. 5 
Number of stages :-— 

high pressure as at aa me 7 6 

low pressure ; 10 
Points at which steam is bled for feed ‘heating, 

absolute pressure lb. per square inch .. 60, 17, 5 
Feed water heated 300 deg. F 
Number of alternators, eee set 
Type of exciter APs Overhung with radial com- 

mutator. 

Excitation voltage .. ES a se ae 220 


Number of scm és as 8 

Ventilation .. Partially by fans on rotor, 
partially by independent 
motor-driven fans. 

Air filters 


ee Heenan. 
Air discharge Into inlet of boiler house 


forced draught system. 
Type of external reactances Oil cooled. 


Condensing Plant. 


Le Blanc rotary. 

Direct coupled 400 brake 
horse-power motor also 
driving alternator venti- 
lation fans. 


Type of air pump 
Method of drive 


Number of condensers per set 1 
Cooling surface sq. ft. 25,000 
Quantity of cooling water, ‘gallons per minute | 26,000 
External diameter of tubes, in. 1 


Makers of Pumps—Gwynnes, Limited 


Number of pumps .. 3 

Type . ie ae Vertical centrifugal in cast -iron 

Speed, revolutions per minute .. Sa 3438 

Capacity of each pump, gallons per minute ; 26,000 

Head of water, ft. .. ee 

Method of drive ae :) 400 brake horse-power Metropoli- 
tan Vickers Motor. 

Method of charging pumps 2 motor-driven air exhausters. 


) 














Circulating Water Screens. 
Maker—F. sey Brackett and Company, Limited 


Type .. -» Endless belt inclined té vertical. 
‘ Colbaiaidt System. 

Type .. an Open hotwell. 

Arrangement Condensate pump delivers to the 


hotwell. Lift pump delivers 
through drain, low pressure, 
intermediate pressure and gland 
heaters to boiler feed pump. 
Feed pump delivers through 
high pressure heater to feed 
range. 
Boiler Feed Pumps. 
Two Mather and Platt, electrically 
driven and two Weir, steam 
turbine- aren as standby. 


Type and number 


Capacity per pump, Ib. per hour . 250,000 


Siettbhgsor. 


A. Reyrolle and Company, Limited 
ys Ke it i ee -. Armourclad. Type “ M.’” 
Number of sets of busbars ye 2 


Type of generator protection Self-balancing 
Engine Room Onin: 
Babcock and Wilcox, Limited 
Capacity :— 
main hoist, tons .. a os, ae aie 50 
auxiliary hoist, tons ow os vs 5 


Station Transformers. 
Ferranti, Ltd. 


(unit transformer on 
terminals of each net and 
station transformer on 
main busbars as standby 
and for starting up). 
Capacity per bank, KVA .. a 4 ee 1,800 


Auxiliary Plant. 
Station auxiliary motors other than Metropolitan-Vickers Elec- 
stoker motors > trical Company, Limited. 
Stoker motors—Creedy three-phase F. and A. Parkinson and 
multi-speed Company, Limited. 
Battery charging 1 motor generators J. H. Holmes and Company. 
Safety valves Cockburns, Limited, triple 


spring ty 
D.C. lighting switchboards. . 
Steam valves 2 i 


Type .. *s cn ie 
Number of banks .. ott oe 


J. Hopkinson and Company, 
Limited. 
Alley and McLellan, 


General service valves 
Glenfield and Kennedy, 


J. Blakeborough and Sons,. 


Limited. 
Babcock and Wilcox. 


Steam and aes water r piping 
Alley and McLellan. 


Steam traps . 





balancing against it the increased capital expenditure 
of high pressure plant, it was decided to adopt, 
what was then the very high pressure of 450 lb. per 
square inch at the turbine stop valve (or 475 lb. 
per square inch at the boilers), The normal total 
temperature of the superheated steam was still 
kept at 700 deg. F. as this appeared to be about 
the limit for the ordinary materials available. 

Apart from increased steam pressure a number of 
other cycle changes had been discussed during the 
previous few years, but only from the theoretical 
standpoint. Prominent among these was the 
proposal, due to Ferran‘i, that considerable gain 
would result if heat were supplied to the steam 
during expansion so as tc keep it continuously at 
the maximum temperature, up to the point at 
which, when expanded to the minimum pressure in 
the condenser, it would be just at the point of 
saturation. The ideal of continuous reheating 
of the steam during expansion is, of course, im- 
practicable, but the greater proportion of the 
advantage can be obtained by reheating at one 
point only, and it was decided to adopt this arrange- 
ment at North Tees. This was largely influenced 
by the higher steam pressure which makes the 
benefit of reheating greater. 





retical ideal is not practicable, and a very close 
approximation to the maximum economy can be 


| obtained by bleeding at a limited number of points. 


A consideration of the most suitable arrangement led 
to the adoption of three heaters in series fed by 
steam at high, intermediate and low pressure, supple- 
mented by two heaters taking steam from the 
glands and from the drains. 

It is not proposed, in this article, to give a 
detailed description of the complete plant but to 
confine it to pointing out the novel features at 
North Tees which distinguish it from the general 
station design which had previously been adopted. 
Fig. 1, page 753, shows the area of supply of the 
North Eastern Power Companies, their main net- 
work and the position of North Tees relatively 
to their other generating stations. The general 
appearance of the station is seen in Fig. 2, 
page 753, Figs. 3 to 5 on Plates LXXV and LXXVI, 
showing respectively a cross section, a longitudinal 
section and a plan of the complete station. Figs. 6 
and 7 on Plate LX XVII show interior views of the 
turbine room and boiler house, while the switch- 
gear is illustrated in Figs. 8 and 9, page 755. 

The load on the combined system was so large 
and its growth so rapid that no serious limitation 





ally in tandem, and electrically in parallel, with a 
single exciter. This arrangement enables the possi- 


bility of a generator breakdown to be dealt with by- 


putting non-automatic switches between the two 


generators and the main automatic circuit. breaker- 


controlling the set so that either generator can be 
operated alone. A jack shaft is also provided to 
take the place of a rotor if it be necessary to remove 
this for repairs. Each generator is also specified 
to carry at unity power factor the economical load 
of the turbine—namely, 16,000 kw.—with a slightly 
higher temperature rise than normal. The outgoing 
air from the generators is discharged into the inlet 
of the forced draught fans for the boilers, thus 
recovering a portion of the generator losses. 

The reheating of the steam between the high 
and low pressure cylinders is carried out by leading 
the steam to heaters forming an integral part of 
some of the boiler units. Partially with this in 
view, and contrary to the arrangements at Carville 
and Dunston, the boiler house is arranged parallel 
to the engine room, the turbo-alternator sets being 
arranged lengthways in the engine room. Of the 
ten boilers one row of five backs on to the engine 
room, and these are the ones equipped with heaters 
so that a relatively short amount of piping is 


Banks of three single-phase.. 


J. H. Holmes and Company.. 











PLATE LXXV. 
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PLATE LXXVII. ENGINEERING, June 13, 1924, 


THE NORTH TEES POWER STATION OF THE NEWCASTLE-UPON-TYNE 
ELECTRIC SUPPLY COMPANY, LIMITED. 


| 
MESSRS. MERZ AND McLELLAN, ENGINEERS, LONDON. | 


(For Description, see Page 753). 
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Fie. 7. GENERAL VIEW OF TURBINE Koom. 
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required. The only special feature about reheating | tubular type but with spiral retarders inside the 
is the steps taken to prevent the accumulation of | tubes which not only assist the heat transfer but 
steam in the reheater from causing the turbine | also enable any deposit of dust from the flue gases 
to run away and trip out if the load suddenly falls | to be readily cleaned out. 
to zero. This is provided for by a special relay| As regards the station auxiliaries, the well-known 
which operates a valve bye-passing the steam from | unit principle, first adopted at Carville in 1904, has 
the reheaters direct to the condenser. |again been used. While originally designed for 
The general design of the boiler units is similar| the purpose of giving the maximum security of 
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to the ordinary marine type water-tube boilers | supply to auxiliaries, this system is also best ther- 
used at the lower pressures more ordinarily em- | modynamically, as with it all steam is used in the 
ployed, but the tubes are smaller, and the drums | most efficient way in the main sets as compared 
are of less diameter and made of thicker plate.) with methods in which special house turbo-gene- 
Apart from this the fittings, of course, required rators are installed for the auxiliaries. This prin- 
special designing as did the steam and water pipe| ciple was further extended by the installation of 
flanges and valves. In practice, the only diffi-| both motor-driven and steam-turbine-driven feed 
culty arising out of the higher pressure has been | pumps, the lattey being intended merely as a stand- 
the liability of the gauge glasses to fracture and the | by, and the normal operation being to run the elec- 
cutting of the seats of the valves. These difficulties | trically-driven pumps, the energy for which is pro- 
are gradually being overcome by the judicious | duced in an efficient way from the main turbines. 
choice of materials and type of fitting for individual | It will be appreciated that the electric drive of all 
conditions, The air heaters are of the simple! auxiliaries is much more important in stations where 





bleeding for feed heating is adopted, as no exhaust 
steam from steam auxiliaries is required for feed 
heating purposes. 

None of the special features of the design of the 
North Tees station, such as the very high steam 
pressure, the re-heating of the steam or the pre- 
heating of air to the furnaces, have led in practice 
to the troubles which some might have anticipated. 
Such operating difficulties as have been experienced, 
which, incidentally, we may say have been greatly 
magnified by rumours, are no more than might 
have fallen to the lot of any large new station, and 
were in no way attributable to the special character- 
istics of this station. As we have already men- 
tioned, the trade depression on the North East Coast 
has prevented the station getting the load necessary 
to its best performance, but it has already been 
operated with 1-64 lb. of coal per unit generated as 
a month’s average. The calorific value of the coal 
as fired was 10,990 B.Th.U. per pound, the heat 
consumption being therefore 18,023 B.Th.U. per 
unit generated. When the load conditions improve 
a much better showing even than this is confidently 
anticipated. 

During the past winter the combined load of the 
North Eastern Power Companies reached 165,000 kw. 
of which 60,000 kw. was carried by Carville, 51,000 
kw. by Dunston, and 25,000 kw. by North Tees, the 
remainder being distributed over the waste heat 
stations and other smaller plants: With the revival 
of trade a further rapid increase is anticipated and 
extensions to the North Tees plant are already well 
in hand. 

A few other interesting features in connection 
with the North Tees Station may be referred to in 
conclusion. Two battery driven locomotives, each 
weighing 27} tons, are provided for handling the 
traffic on the generating site. Most of this.traffic 
is, of course, in connection with the handling and 
storage of coal and the disposal of ashes. For the 
purpose of laying some twenty cables across the 
Tees a trench was dredged in the river bed. The 
conditions of dredging and of cable laying were 
somewhat difficult as the river is navigable and 
subject to large tides, while the width at this point 
is over 400 ft. The cables had to be laid specially 
deep in order to provide for future dredging to 
increase the depth of the navigable channel. 

The housing accommodation at this part of the 
north bank of the Tees was very restricted and the 
company, therefore, decided to build at Billingham, 
about a mile away from North Tees, a garden village 
of 73 houses for the accommodation’of the generating 
station employees. The estate was laid out on 
garden city lines, the majority of the houses being 
semi-detached with gardens and the roads being 
artistically planted with hedges and trees, The 
whole of the houses are equipped for electric heating 
and cooking, and have electric wash boilers. Each 
house, however, is equipped with a single ‘open 
fireplace in the living-room combined with a hot- 
water boiler, and a fireplace in the bedroom above 
the living-room for use in case of illness. 

The station was constructed to the designs and 
under the supervision of Messrs. Merz and McLellan, 
32, Victoria-street, London, 8.W.1. The contractors 
for the site works, foundations, screen pits jetty, 
circulating-water mains, discharge ducts and brick- 
work, were Messrs. Sir Robert McAlpine and Sons, 
Limited. Messrs. Babcock and Wilcox Limited sup- 
plied the whole of the steel frame buildings, bunkers 
&c., as well as the boilers and boiler-house equip. 
ment. The turbo-alternators and condensing plant 
were constructed by the Metropolitan-Vickers 
Electrical Co., Limited. 


(To be continued.) 
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Water, perhaps the most important substance in 

Nature, is in a constant state of change and move- 

ment, by which its purity and consequent fitness 

for performing the various functions to which it 
is destined is preserved. Simple as the perpetual 
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process seem3, by which the circulation of water 
from the sea to the air, thence to the earth, and 
eventually back to the sea is maintained, the 
result is ‘most important to organic life; as a 
constant ‘and sufficient supply of this vital fluid 
is thus brought everywhere within the reach of 
organic action, either as springs, rivers and lakes. 
When this remarkable circulation is contemplated 
we can scarcely wonder at the speculation of 
Keferstein, who saw in the world itself a living 
organism. The book under review described the 
investigations made, and works carried out for the 
supply fof water to our armies operating in the 
Near East during the Great War, and it was due to 
the undertakings for the supply of this vital fluid 
that it was possible to maintain our armies in the 
Balkans, Gallipoli peninsula, Palestine, Arabia and 
Africa. 

The book as the author himself points out is in no 
sense"a Text Book, but is a description of actual 
achievements, and a record of what necessity and 
enterprise can accomplish. 

The late Mr. Mansergh was diffident in expressing 
his opinion regarding the powers of a “ Diviner,” 
but Mr. Thompson, while acknowledging that some 
people are influenced by an unknown force which 
enables them to divine or dowse, states that the 
practical application of this gift is usually most 
disappointing ; and adds that careful investigations 
undertaken by reputable scientists in England, and 
America have led to the unqualified condemnation 
of “ divining ” as a useful art. 

The “ Principles of Hydrology”’ are treated by 

Mr. ‘Thompson on broad lines; he states that 
in the hills where there are prevailing rain winds, 
the rainfall on the leeward side of the hills greatly 
exceeds that on the windward side.. This is not 
always the case, the elevation, and the slopes 
of fthe hill sides are factors that influence the 
precipitation. Also rainfall generally increases 
with galtitude up to a certain limit, and then 
decreases, the altitude of maximum precipitation, 
being at the elevation of the rain-bearing clouds, 
which ‘altitude varies with the locality. 
N@In ‘treating of rainfall losses due to evaporation 
and jtranspiration which may be termed “ climatic 
losses,” as distinguished from the losses due to 
percolation, he gives as examples the rainfall 
losses in the British Isles. The losses are better 
expressed as inches on the basin, rather than as 
percentages of rainfall, and convey more meaning. 
In the example quoted of the Thames basin— 

79 per cent. of a rainfall of 17 in. equals 13-45 in. 

65 per cent. of a rainfall of 19 in. equals 12-35 in. 

In the case of the example of basins in high 
moor land and pasture underlaid by crystalline 
rocks; with a rainfall of 80 in. the climatic losses 
would be 15-2 in., and with a rainfall of 60 in. the 
climatic losses would be 15-0 in. 

The late Sir Alexander Binnie has stated that the 
gross result of 18 years’ gauging of the Thames in 
the most careful manner, showed that 26°38 in. 
of rainfall might be expected on the Thames basin, 
of which 30-89 per cent. might be utilised as flowing 
off the ground; thus making the losses 18-23 in. 
In temperate insular climates, such as the British 
Isles, where the soil is never dry, the climatic losses 
might average from 15 to 18 in.; and these losses 
would depend on the temperature and amount of 
sunshine. In tropical climates, when, during the 
dry hot weather the upper soil is deplete of moisture, 
the amount of rainfall also influences the climatic 
losses. 

The chapter on the principles of hydrology 
requires careful study. In all cases where a supply 
of potable water is needed, a sanitary survey of the 
gathering ground, and the sources from which the 
water is obtained is essential. Where the water 
percolates through the pore spaces of clean soil, 
and not through underground channels, nature has 
provided an efficient filter ; but when water traverses 
fissures, pollution can be conveyed long distances. 
The yield of certain springs is shown graphically 
in Figs. 1 and 2 in the book, but the data are 
insufficient to indicate any correlation between 
rainfall and the yield of the springs. 

Antimalarial operations must, of a necessity, in- 
crease the surface run-off, and diminish the amount 
of rainfall which percolates to the ground water. 





The movement of sand in wells, when the critical 
velocity is exceeded, and capillary flow disturbed, 
has long occupied the attention of irrigation 
engineers in India; no use of Indian experience 
was apparently made. 

Dealing with the development of water supplies, 
the description of the ordinary sand filter is very 
superficial. The merits and demerits of mechanical 
filters compared with the standard sand filter are 
not discussed. 

In “ Recent Deposits,” the simplest and most 
sanitary method of obtaining small supplies from 
ground water, if it is not situated at a great depth 
below the surface, is by the Norton tube well. Full 
practical details regarding the installation of these 
tube wells, ‘‘ drive tube wells,’’ as they are called 
by the author, are given in Chapter IV. For deep 
borings, the author describes the working of the 


Star drilling machine. 


It is seldom that an engineer has to undertake 
the analysis of a potable water; the chapter on 
Water Analysis will be a useful guide to him as to 
what is required to be known regarding the water, 
and the causes of pollution. 

Mr. Thompson describes operations in search of 
water carried out chiefly in the Balkans ; .and the 
book contains information of value to the pioneer- 
engineer, the explorer, the colonist, and the agri- 
culturist. Its chief value lies in the description of 
what engineering skill, coupled with a knowledge, 
of field structural geology, can achieve. 

It must, however, be borne in mind that invalu- 
able as are the indications of a geological survey, in 
this, as in all branches of engineering, the deductions 
derived from it require to be verified by actual 
experiment. 
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THE COLLIERY AT THE BRITISH 
EMPIRE EXHIBITION. 
(Continued from page 729.) 
OPERATION OF DECKING PLANT. 


We have already (ENGINEERING, January 27, 
page 93, and February 10, 1922, page 157) described 
the electro-pneumatic decking plant installed by the 
Westinghouse Brake and Saxby Signal Co., Ltd., at 
the Thurcroft Main Colliery, Rotherham, and we 
refer our readers particularly to Fig. 1 of that de- 
scription for the sequence of the various operations 
involved in decking tubs from doubledeck cages. 

The Westinghouse plant that we shall here con- 
sider consists of two double-deck cages, as in the 
Colliery at the British Empire Exhibition. 


DEcKING CoNTROL. 

The decking operations for the two cages are con- 
trolled by the two outer levers marked A and C 
respectively in Figs. 39 to 41, which show the control 
gear in front, side and rear elevation. These 
levers can be operated either before or after the 
cage arrives at the pit bank ; the former course is 
usually adopted in order to save time. After the 
lever has been reversed, the winding signal push, 
or “coal tapper” (Fig. 42), is covered by the 
** blinder,” which prevents its use till the conditions 
permit, when it rises to the position shown by the 
dotted circle. Should the wrong lever be operated, 
no movement can take place, since the whole se- 
quence of operations is dependent on the presence 
at the pit bank of the cage to be decked. When the 
cage has arrived at pit bank, and the corresponding 
decking lever has been pulled to the reversed posi- 
tion, decking takes place automatically as follows :— 

The keps are automatically placed under the cage, 
and a (white) visual indication of ‘““Keps uNDER 
CacEr”’ is given to the banksman as soon as this 
movement is satisfactorily completed. When the 
cage has been lowered on to the keps, which not only 
take the weight, but also ensure alignment of the cage 
rails with the track rails, the tub controllers (Fig. 43) 
on the cage are unlocked simultaneously, and the 
skotch blocks, Fig. 44, shown with the detector 
box, Fig. 45, are removed from the rails in front of 
the empty tubs on the two upper and lower ram 
gantries ; after this the rams move forward simul- 
taneously, pushing the empty tubs on, and the full 
tubs off, the cage. As the full tubs pass out of the 
cage, the air is released from the tub controller 
operating cylinder, which is on the pit bank, and 
thus sets the controllers free to relock when four or 
six axles have passed over them, according to 
whether two or three tubs are carried. The rams, 
(Fig. 46), having reached their full forward position 
now automatically reverse, and at the same time the 
skotch blocks are replaced on the track. During 
the return stroke, the driving arm or pusher of the 
ram is depressed by the axles of the oncoming empty 
tubs under which it is drawn backwards. 

Referring to the commencement of the operation, 
as soon as the rams commence their forward move- 
ment, the banksman may return his control lever 
towards its normal position, but it is held in its 
mid-position by an electric lever lock numbered 
2 in Figs. 39 and 40. With the lever in this position, 
and when the rams are all clear of the main cage, 
the keps are withdrawn and their visual indication 
in the left- or right-hand upper panels of Fig. 47 
disappears. The lever lock is now released, and 
the banksman can return his lever A or C, as may 
be the case (see the commencement of the descrip- 
tion) to the full normal position, when he receives a 
visual indication (green) in one of the lower panels 
of the order for lowering, “‘ CLEAR, LOWER CAGE,” 
the blinder being lifted from his “coal tapper” 
at the same instant. The “coal tapper” is the 
means for giving the signal from the banksman to 
the winding engineman. The visual indication 
disappears as the cage moves away full of empties 
when the decking operation has been completed. 
Should the banksman desire to stop the rams at 
any time during their forward movement, he presses 
a special emergency plunger similar to that shown 
under the blinder in Fig. 42. He must also press a 
second emergency plunger before the rams will 
move forward again and the decking can proceed. 

Special safety working is introduced when 
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the winding engineman on a separate visual indicator 
in the engine room. The “men lever” is held 
the ‘men lever,” and its operation is as/| locked until the cage arrives at the pit top, and the 
follows :— | keps have been inserted beneath it, which move- 

When the banksman receives the signal from the | ment takes place automatically as soon as the cage 


winding men, by the use of the central lever B in 
the control frame, Figs. 39 and 41. This is termed 
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absolutely essential, and also ensuring that the 
operation is effected in minimum time. 

In order that a check may be afforded on the 
correct number of tubs being loaded or unloaded, 
and to obviate the risk of half a tub projecting, an 
axle counter fitted with a ratchet gear, Fig. 48 is 
fitted as a detector and comes into action, as a 
back axle stop, Fig. 49, when the correct number 
of axles has passed over it. The detector gear is 
operated by a cam disc carried on the side of the 
counting wheel that actuates a push rod which 
comes into line with the contact box rod on the bank 
when the cage is in position, Fig. 50. 


CycLE OF OPERATIONS, 


The decking and winding operations in a modern 
colliery plant may be best described in general outline 
as follows :—The track on which the empty tubs are 
standing in readiness for displacing the full tubs 
brought up from the pit is inclined. The cage 
bottom, also inclined, forms a portion of the tub 
track, which on one side at the top of the mine 
is usually full of empties waiting to be pushed on 
to the cage by means of a ram arranged between the 
rails. When the correct number of tubs is engaged 
by the ram pusher, and the cage is in position, 
with the gates thrown up and the keps underneath, 
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onsetter at the pit bottom that men are to be, arrives at bank. To release the “men lever” a 
wound, he pulls the “ men lever” from the normal | third special plunger must be pressed which will 
to the full reverse position, where it is held by/| also keep the keps under the cage should the banks- 
an electric lever lock, and this operation at the| man wish to change over from the “ men lever” 
same time mechanically locks the two decking | to decking coal. 

levers A and C. The “men lever” B cannot be} It can be seen that all decking operations are 
moved unless both decking levers are in their! controlled in a simple manner by one man, the 


visual indication of ‘‘ MzN on CaGE”’ is given onthe! by the complete interlocking of the apparatus 





normal positions, and as soon as it is pulled, a (red) | banksman, with perfect safety. This is secured 
| 


banksman’s indicator, Fig. 47, page 758, and also to | making the correct sequence of decking operations 





and the interlocking gear has acted, the ram in 
pushing the empty tubs on to the cage, pushes off 
an equal number of loaded tubs (at the top of the 
mine), which travel down the gradient to the 
creeper or screening plant ; the counting mechanism 
Figs. 48 to 50, checks the right number of axles 
of the empties entering the cage, and secures them 
on it in readiness for lowering. 

As the cage may have two floors, this means that 
arrival and departure tubs from each cage must 
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be duplicated and superimposed at the entrance to,| A more complete diagram of the plant required | itself and how they are approached from outside. 
and exit from, the cage. These decking operations | for the decking operation is shown in Fig. 51.| It also shows the detecting back axle stop and 
at the top of the pit are attended to by the banks-| This shows the tub controller and stop on the cage how the tubs are prevented from running away 
man. At the bottom of the pit, a corresponding | 9.47. | when the cage is in motion. 

incline is provided, similar to the one at the top, le 


working away from the engine-house side in the eg 
KEPS 








AxtE CouUNTER. 


i KEPS | A form of axle counter for three tubs (six axles) 
M F | with attached contact box, is shown in Fig. 52; it 
| UNDER | is an appliance used for counting the passage of the 


tubs past a certain point and is also used in some 
ICAGE 2 


same manner, and the cage at the bottom receives 
| iy | cases to control the movements of auxiliary eages 
0 N ae! §=§ or the narrow gauge railway points used at collieries 


its correct number of loaded tubs on each floor, 
the operation of loading displacing an equal number UNDER 
of empty tubs from each deck, which run away to 
the main heading. These operations are controlled 
by the onsetter, who is kept in touch with condi- 
tions at the top, making his signals and replying | 
to signals, by means of indicators and plungers. As to the track rams, to which allusion has been 
It will be seen that the operation differs essenti- | made, a detailed explanation of their mechanism 
ally from railway operating, because it is in this and mode of operation will be found on pages 158 
case a question of taking a section out of one train 
and placing it into position in another train in the Fig. 52. 
AXLE COUNTER. 





for pit tubs. 







same vertical plane, but out of sight ; and of simul- | 
taneously performing the opposite operation of 
taking a section out of another train at the top of | Westinghouse cage indicator. Signals given by illuminat- 
the mine and placing it into position at the bottom.| ing panels with coloured lights behind letters. Top, left 
The operation is, of course, further complicated | orright panel, white. Centre panel, sed. Eerom, peft 
by the fact that the cages may have two or three | or right panel, green. The only combined signals pos- 


s sible are a white indication of top panel with the 
decks instead of one. centre panel red. 
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and 159, and in Figs. 41 to 51 of our issue of February 
10, 1922. 

Briefly, the ram consists of a pneumatic cylinder 
in which works a plunger, carried by rollers at its 
front or outer end, and fitted with a forked pusher 
spring-connected to the head, so that it can be 
depressed by the axle of a tub running over it in the 
direction of the push, but so arranged that it takes 
charge of, and pushes by, the rear axle of the last 
tub of a train that is in front of it when it is 
brought into play. 

The ram cylinder, Fig. 46, page 757, is formed of 
solid drawn tubing, fitted at each end with a cast 
steel head to which are connected electrical control 
valves for the admission and exhaust of compressed 
air to and from the cylinder. These valves are 
interlocked with the other parts of the plant, and 
controlled by suitably wired circuits. The back end 
of the ram cylinder is fitted with a sloping shield to 
prevent damage by links or couplings hanging from 
the tubs. 

The operation of the ram is as follows : When the 
tubs are in position for propelling, and the driving 
arm engages the rear axle, air is admitted to the 
cylinder head and forces the ram outwards, driving 
the tubs forward. When the charging operation is 


complete, air is admitted to the front end of the 


cylinder, and the air at the back of the piston, which 
has a much larger effective area, acts as a cushion, 
absorbing the shock of the return stroke. 

Attention should be drawn to an important point 
in connection with the control of the ram. On the 
out stroke, the ram works at full load, and on the 
return at light load, and although the differential 
piston area provides the right amount of power for 
the move in each direction, it is essential that there 
should be no pause in the extreme forward position 
before reversal takes place. To secure this quick 
reversal, a small reservoir R, Fig. 46, is fixed under 
the ram, and the reverse valve admits air from this 
reservoir to the front of the piston. This reservoir 
is fed from the main air supply through a small 
orifice, so that the pressure in the reservoir is built 
up slowly while the ram is at rest or during its 
driving stroke, and it does not attain the pressure 
in the air main until just before the ram is at the 
end of its stroke. When the reverse valve is 
energized, the front end of the ram cylinder is 
open to this reservoir, and, being subjected to the 
full main pressure, immediately starts the backward 
movement. The capacity is such that after the 
ram has travelled backwards a distance of about 
3 ft., the pressure is reduced sufficiently to finish the 
backward stroke at lower speed. In order to 
provide for cushioning at the end of the return 
stroke, the piston is made to cover the main exhaust 
port before it reaches the back head. 


Tus RETARDERS. 


The modern form of gravity incline running to 
and from the cage, causes the movement of the 
tubs (whether loaded or empty) to be attended by 
some risk, and provision must be made, Figs. 53 to 
56, for checking the momentum of the tubs when 
their speed threatens to exceed the safety limit. 
It is desirable that such system should embody 
a retarding effect automatically proportional to the 
weight of the tub handled, that it should not rely 
on power for this operation, that when released, it 
should leave the tub entirely free to move forward 
by gravity, and its mode of operation should be 
such that one or more retarders can be controlled 
by one youth stationed at a convenient point. The 
Westinghouse tub retarder consists of angle bars 
hinged about pins arranged with their axes parallel 
to the centre of the track, and at such height that 
weight applied to the track rails carried on one 
surface of the angle tends to cause the angle to 
turn until the vertical upturned portion inside the 
track bears against the inner side of the flange. 
The two lengths of rail carried on angles forming the 
retarder are interconnected by lever gear to a 
balance weight in such manner that when the 
heavy tub comes on to the rails it tends automati- 
cally to apply resistance to the inner sides of the 
flanges of the wheels by lifting the weight. An air 
cylinder connected to the weight lever is normally 
free from air pressure. When air pressure is 
applied to this cylinder, the balance weight is 
depressed and the angle irons partially rotated, so 








Jas to lift the treads of the wheels and free the inner 


sides of the wheel flanges from the retarding plates. 


DEMONSTRATION DECKING PLANT. 


The main constituents of a Westinghouse electro- 
pneumatic decking plant are shown by the Westing- 
house Brake and Saxby Signal Company in the 
Palace of Engineering (Figs. 57 and 58). These 
comprise a power-operated track ram, a set of 
electro-pneumatic skotch blocks, a complete tub 
retarder, a set of control levers, and an indicator 
with push and blinder—sufficient in fact to show the 
operations that must precede the lowering or raising 
of the cage, and how they are interlocked with 
other operations to be performed by the engineman 
in the winding engine room, by the banksman at the 
pithead, and by the onsetter at the foot of the shaft. 


(To be continued.) 





THE EMPIRE MINING AND METAL- 
LURGICAL CONGRESS. 
(Concluded from page 742.) 

Srction A.—Mrnina. 

Wuen the meetings were resumed on Thursday 
morning, the 5th inst., Mr. Humphrey M. Morgans 
occupied the chair in Section A and opened the 
proceedings. 


CoMPRESSED AIR PLANT. 


Mr. Edmund L. Hann read the first paper 
on ‘The Rhymney Valley Compressed-Air In- 
stallation.”” In this paper the author described 
the scheme adopted to supply a group of eleven 
collieries, the property of the Powell Duffryn 
Steam Coal Company, Limited, and the Rhymney 
Iron Company, Limited, with compressed-air from 
a central air station. Compressed air has been in 
use for many purposes in mining, but of recent 
years a great extension of use followed the demon- 
stration of the value of compressed air in working 
face conveyors and coal cutters. In the steam 
coal measures of the South Wales coalfield, large 
quantities of fire damp were given off and satis- 
factory roads were only kept open with difficulty, 
owing to the tender nature of the roof and floor. 
Under such conditions the extended use of elec- 
tricity at considerable distances from the shaft 
was thought to be undesirable, and in 1919 the 
company put down plant estimated to give 100,000 
cu. ft. of compressed air per minute. 

The machines formerly used at the separate 
collieries varied in capacity from 4,000 to 7,000 
cub. ft. per minute and were mostly driven by 
engines fitted with valves of the Corliss type and 
had air valves of the plate type. They included, 
however, six electrically-driven compressors, three 
being of 6,500 cub. ft. capacity, two of 3,000 cub. ft. 
capacity and of the high-speed vertical type, and 
one of 5,000 cub. ft. capacity was a horizontal 
compressor driven by a variable speed motor. 
Careful tests showed that in no case was the steam 
consumption less than 18 lb. per brake horse-power- 
hour. Of the possible alternative schemes to 
extend the supply it was finally decided after careful 
consideration to put down a central generating 
plant, to utilise only the electrically-driven sets 
of the existing plant and to add sets of 6,500 cub. ft. 
capacity at the far ends of the mains. In the 
central station there was installed three identical 
sets, each capable of compressing 40,000 cub. ft. 
of free air per minute to between 78 to 85 lb. per 
square inch. The size of these units was selected 
with regard to convenience solely, as no compressor 
built as a single unit had previously been con- 
structed of so great a size. The compressors were 
built by Messrs. Brown, Boveri and Co. The 
rotors have eleven impellers, through each of 
which the air was forced in succession. After the 
third, sixth and ninth stages the air was cooled 
by passage through water coolers erected on the 
side of the compressor and then returned to the 
machine. Steam turbines of the Zoelly type with 
eight impulse stages were installed for driving, and 
were constructed by Messrs. Escher Wyss and Co. 

All the main air transmission lines were con- 
structed of lap-welded steel pipes. For their 
connection a long sleeve joint was adopted, and 
after the pipes were set in position, the joints were 





welded by the acetylene process. Expansion 
joints of the gland type were provided to give the 
requisite flexibility, but it was found that the 
movement in the system took place more freely 
at the bends than in the expansion joints. Transmis- 
sion from the pit-bottom in-bye presented difficulties 
because of the soft nature of the floor and damage 
by falls. The Williams joint was used because of 
its great flexibility and the fact that skilled labour 
was not required in the making of the joints. 

In the discussion the points brought out were 
the remarkable results in regard to freedom from 
air leakage shown in the system, and the necessity 
for some flexible type of joint for air mains below 
the surface, which was superior to those at present 
available. Comment was made on the advantages 
obtained with the use of synchronous motors on 
the improvement of the power factor of an electricity 
supply system, and surprise was expressed at the 
objections against their use cited in the paper by 
the author. 

The author referred in his reply to the different 
leakage characteristics of surface and underground 
air mains, and agreed that an improved type of 
flexible joints was necessary to overcome the 
underground leakage trouble. He also stated that 
the comments he made in connection with syn- 
chronous motors had reference to conditions 
existing at the time the installation was under 
consideration. Since then great improvements had 
been made and he said he would now recommend 
their use, whenever power factors had to be 
improved. They had been brought up to regard 
the air system of power transmission as inefficient, 
but when schemes were properly designed very 
successful results could be obtained. 


PREPARATION OF COAL FOR THE MARKET. 


In the next paper Messrs. F. 8. Sinnatt and 
H. Eustace Mitton dealt with “‘ The Preparation 
of Coal for the Market,” in the course of which 
they described the different types of plants in use 
for the purpose. Actually the paper presented 
particulars of working relating to well-established 
practice. Emphasis was given by the authors to 
the advantages that might be derived from puri- 
fication of coal in the dry condition, as the 
elimination of moisture from wet coal was a costly 
operation. 

The value of the paper was enhanced by a 
contribution to the discussion by Mr. Appleyard, 
who referred to recent American experience with 
cleaning coal in the dry condition, and showed how 
the ash limit had been approximated to by the 
use of modern plant. The difficulties were being 
overcome, he stated, and success must be antici- 
pated, when it was considered that plant for the 
performance of similar separation of materials of 
slightly differing specific gravities was already in 
employment in other types of industrial work. 
Professor Dron spoke of experiments in froth 
flotation, and told of successful achievements in 
the separation of coking and non-coking coal. 

Mr. Mitton thanked Mr. Appleyard and Professor 
Dron for their contributions, which had reference 
to quite recent work which it could hardly be 
expected would be included in a paper dealing 
with established practice. 


MecHanicaL Coat MINING. 


Mr. Sam Mavor stated in the introduction to his 
paper on “Problems of Mechanical Coal Mining ” 
that the processes involved in the use of machinery 
in mining could not be dissociated from one another. 
To obtain the full advantage of new methods of 
working, it was essential to consider the components 
of coal face machinery in proper relation to each 
other. Only by conforming to a predetermined 
mining policy could success be assured. As 
machine mining made progress, the problems that 
the mining engineer had to deal with were increased, 
for each problem that was solved led to the dis- 
closure of another, and opened the way to new possi- 
bilities and new problems. High rates of wages 
stimulated the adoption of labour-saving machinery 
and there was no exception in the case of coal 
mining. It was somewhat strange that while the 
surface equipment of collieries and the mechanical 
and electrical-power services had undergone revolu- 
tionary changes, the primary processes of winning 
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the coal, to which all else was subsidiary, had been 
comparatively neglected. In many collieries the 
practice was the same, or practically so, as 50 years 
ago and the output per man had substantially de- 
clined. In no other industry was there so great 
scope for improved economy by the use of mechanical 
aids to labour as in mining. With hand-working, 
even the present rate would not be maintained, 
because trained pickmen were no longer reared 
in the industry. Coal mining was alone in its 
general adherence to old-time methods of the direct 
application of human labour to cutting, bulk- 
handling and even transport of material. Men 
could be better employed in a mine than in under- 
cutting hard coal by hewing it by hand and in 
pushing trams on the underground roadways. 
Where economic pressure was most severe, a large 
percentage of the total output, actually 40 per cent. 
in the case of Scotland, was mined by machinery. 
Many seams that were not commercial propositions 
for hand-work, were now mined successfully with 
machines. In England and Wales only 11-2 per 
cent. of the total output was machine-mined and in 
no district did the proportion exceed 21 per cent. 

Formerly, the mechanical coal cutter was only 
regarded as a possible means of saving a seam which 
was unprofitable for the hand processes. Machines 
were therefore only resorted to as an expedient when 
conditions were abnormal. Nowadays machines 
were increasingly recognised as a necessity where 
the conditions were normal. Labour costs would 
only be reduced by two methods: by lowering the 
wage rates or by increasing the production. In- 
creased production was obtainable by devising a 
scheme of operation which involved the minimum 
amount of “dead work,” by eliminating waste of 
time due to defects in co-ordination of the various 
branches of underground work and by applying 
manual labour, so that it yielded maximum effect 
in production. In all three directions the use of 
machine mining was a powerful factor. The author 
then proceeded to discuss the significance of in- 
tensive machine mining, standardisation, mechanical 
coal cutting, underground conveying, the lighting of 
machine faces and trams and transport. In doing 
so, he showed the fallacies underlying the belief 
that machine mining was only profitable in thin 
seams and demonstrated that the advantages and 
economies of machine mining might be relatively 
much greater in thick seams than thin ones. 

Mr. Jeffries opened the discussion by giving the 
experiences obtained on the thick seams in Aus- 
tralian mines and commenting on the difference 
between the practice in the Dominion and at home. 
Professor Dron cited cases where, when coal cutters 
‘were introduced, the necessity for other plant 
became obvious and the reversion to hand working, 
in association with the other components of the 
machinery, became not only economically possible 
but profitable. There were exceptional cases also 
where seams as thin as 21 in. could be hand worked 
with success. The improvement in cutting and 
conveying by machinery on thick seams was 
recognised in America, but in this country little 
could be done during the war and only now could 
mine owners look into the matter. The use of 
mechanical coal cutting would always keep pace with 
the improvements effected by the machine makers. 
Mr. Mavor then replied to the discussion. 

He first thanked Mr. Jeffries for his information 
on Australian results of machine mining and agreed 
with Professor Dron that cases could be named 
where the improved organisation effected after the 
introduction of machinery made possible a resump- 
tion of hand cutting. Such cases were due to the 
lack of balance between the capacities of the 
components in the plant. If the coal was removed 
as fast as was necessary coal cutting machines 
were essential. 


Tuer Suutiivan MINE AND ITS PROBLEMS. 


On Thursday afternoon the meetings of Section A 
were resumed when Mr. W. Pellew Harvey, in the 
absence of the authors, introduced a paper on “A 
Short History of the Discovery and Development 
of the Sullivan Mine; the Solution of its Difficult 
Metallurgical Problems and a description of the 
plant used in the Reduction of its Ores.” This 
paper, written by Mr. W. M. Archibald, with a 
number of collaborators, provided a romantic 





story of the discovery of metallic ore deposits, which 
was followed by a description of the work on those 
ores sufficiently high in lead and silver content 
and low in zinc to make smelting possible with 
the limited plant available in early days. Research 
work on many metallurgical problems was under- 
taken and by 1916 regular shipments of zinc ores 
became possible and iron pyrites for the manu- 
facture of sulphuric acid was also supplied. Dis- 
coveries in the laboratory were followed by the 
introduction of new types of machinery and new 
methods of treatment. The present production of 
zinc amounted to 100 tons per day. A daily lead 
yield had already reached 200 tons of bullion, but as 
soon as sufficient power was available to run the 
new concentrator plant up to its full capacity, 
yields would amount to 300 tons per day. 

From the discussion it was learned that the lead 
recovery amounted to 85 per cent., the zinc 70 
per cent. and the silver 70 per cent. The authors 
were congratulated on their successful work, an 
achievement which prompted the comment that 
within the British Empire greater progress had been 
made in winning metal from ores presenting difficul- 
ties than was the case in any other parts of the 
world. The position of the foreigner of twenty 
or thirty years ago had been won from him by the 
exercise of the undoubted abilities of British mining 
engineers and metallurgists. 


TREATMENT OF GOLD-BEARING QUARTZ. 


A paper on “ Treatment of Gold-bearing Quartz 
of the Kolar Gold Field,” by Messrs. R. H. Kendall 
and A. F. Hosking was then presented in abstract 
by Mr. Hosking. In this field from the commence- 
ment of operations in 1882 until the end of 1923, 
18,869,516 tons of ore were crushed and yielded 
gold to the value of 60,352,5931. Up to about 
1914 the general average extraction by stamp mills 
with 900 to 1,600 mesh screens and plate amalga- 
mation, was between 80 per cent. and 85 per cent. 
Large accumulations of untreated slime warranted 
the erection of slime plants in 1914. The extraction 
was so high that the question of capital outlay on 
tube mills was one which demanded very careful 
consideration. An experimental plant was first 
put down at one mine and this showed a gain of at 
least 8d. per ton clear of all costs, and the results 
indicated that the old sand dumps which varied in 
value from 2 dwt. to 18 gr., if dealt with in sufficiently 
large tonnages, would show substantial profits. 
Tube mills were therefore erected over the whole 
field except at Ooregum, where all-sliming remained 
still the practice. The authors gave figures of 
yields of each component in the plant, and the flow 
sheets and arrangement drawings they incorporated 
in the paper helped to a complete understanding of 
the practice in the Kolar field. 


Trin Mrntnea In Mataya. 


In the absence of the author, Mr. L. G. Atten- 
borough, a paper on “ Tin Mining in Malaya ” was 
taken as read. This paper showed that in 1912 the 
British Empire contributed more than 53 per cent. 
of the world’s production and‘ that the Federated 
and Unfederated Malay States accounted for 
practically 40 per cent. At the present time the 
two figures amounted to 40-5 per cent. and 31°5 
per cent. respectively. The practice in Malaya 
was described in the paper, which also showed 
how mechanical working was displacing the older 
methods. It was upon the development of these 
methods of mining, especially dredging, that the 
maintenance of the output from the country, with 
economy and efficiency, was anticipated. 

Much of the discussion was devoted to calling 
attention to the Malayan practices in dealing with 
land tenure and the evils of auctioning lands that 
had been found to bear mineral deposits. The 
merits of dredger working were also dealt with. 

After the customary vote of thanks to the 
authors of the papers read before the section, the 
meeting was closed. 


Srecrion B.—PEtTROLEUM. 


The papers taken on Thursday dealt with crude 
oils and shale oils and with oil transport and stor- 
age problems. Dr. Ormandy presided during the 
morning session, and Mr. Eastlake in the afternoon. 








: THE,CRUDE OILs oF THE Empire. 


In this paper on this, formerly much neglected but 
important subject, Dr. A. E. Dunstan and Mr. J, 
Kewley, expressed their regret that the nature, 
origin and metamorphoses of crude oils had been 
so little investigated. The statistics they first 
gave of the crude oil productions of various countries 
showed the almost alarming increase in the world 
totals, from 55,175,000 tons in 1917 to nearly 
140,000,000 tons in 1923, and the great changes 
in the shares of several countries due to the war. 
At the present time about 2 per cent. of the crude 
oil was of Imperial British origin. Dr. Dunstan 
proceeded to summarise the very variable character- 
istics of the oils of Great Britain and her Dominions. 
The 200,000,000,000 tons of oil in the tar sands of 
Athabaska, the greatest exposure of pitch, tar and 
crude oil in the world, might last 2,000 years at 
the present rate of oil consumption, but transport 
and climatic difficulties still prevented continuous 
work there; the oil, though heavy and sluggish, 
gave up to 10 per cent. of light oil on distillation. 
The oil from the Alberta tar sands contained 4-5 
per cent. of sulphur and, being excessively asphaltic 
and viscous, was useless as a fuel oil, but it made 
a good bitumastic binder for road surfacing. 

Several speakers expressed the hope that the 
Bergius treatment would make these tar oils valu- 
able ; Mr. Beeby Thompson pointed out that paraffin- 
base oils frequently occurred beneath asphaltic oils, 
and all the speakers agreed with the chairman as 
to the high value of the researches which were mainly 
Dr. Dunstan’s own work. 


THe REFINING oF Or SHALE. 


Though the figures in Mr. E. M. Bailey’s paper 
of this title were merely diagrams, his slides illus- 
trating the evolution of the shale-oil retort and the 
paper itself contained a weaith of detailed informa- 
tion on shale-oil refining as carried on in Scotland, 
such as few experts could supply. Much has re- 
cently been done in this field, especially in America, 
but Scottish shale-oil refining keeps the historical 
lead, and little can so far be said on the rival 
retorts under trial. That came out in the dis- 
cussion by Mr. James Henderson, Professor A. W. 
Nash, of the petroleum department of Birmingham 
University, and others. Mr. Bailey had to answer 
many questions. The main headings of his paper 
were: production of crude oil and of sulphate of am- 
monia ; distillation of the oil; washing of the dis- 
tillates and extraction and refining of the solid 
paraffin. Shale-oil, he stated, was more difficult 
to refine than petroleum and was less amenable 
to physical methods, and the use of sulphuric acid 
had its advantages. They were waiting for some- 
body to try high-vacuum distillation (as distinct 
from evaporation); for the decolorisation of the 
paraffin the fuller’s earth from Florida (floridin} 
had proved very successful. 


Or Transport: THE Or Tank SHIP. 


Mr. H. Barringer did not especially mention 
pipe lines in the title of his paper on “‘ Oil Transport : 
The Oil Tank Ship,” but he gave particulars 
on pipe lines, types of pumps, pumping data, loss 
of head in pipes, and rates of oil transport for oils 
of different viscosities and temperatures through 
pipes ranging in diameter from 3 in. up to 14 in. 
As regards tankers, Mr. Barringer stated that the 
Chinese Newchwang junk, built originally for water 
carriage, had been among the earliest of this class 
of vessel. Having outlined the theoretical differ- 
ences between carrying water and oil lighter than 
water in ships, he explained, with the aid of slides, 
the development of tankers and their machinery 
up to the prototype of the modern tanker, the 
Gliickauf of Colonel H. J. Swan, launched by 
Messrs. Armstrong in 1886, and the subsequent 
developments. Among the essential features of 
modern tanker construction, Mr. Barringer men- 
tioned the abolition of the cellular water-ballast 
double-bottom below cargo tanks ; the carriage of 
oil direct to the skin of the vessel ; the introduction 
of longitudinal and transverse bulkheads and of 
cofferdams, fore and aft of cargo tanks; the fitting 
of expansion trunk ways, of pump rooms extending 
the whole breadth and carried from bottom plating 
to upper deck, and, further, of steam-heating coils 
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and of double lines of suction pipes carried on each 
side of the longitudinal bulkheads, to transfer oil 
from any one tank to another. Illustrations were 
shown of torpedoed tankers, which had safely reached 
port during the war, when cargo steamers had 
brought fuel oil over to England in their double- 
bottoms. Much of the information given, Mr. G. W. 
E. Gibson pointed out during the discussion, might 
be considered confidential. 


BuLK DISTRIBUTION OF OIL: DEPOTS AND 
STORAGE. 


Sir Frederick Black’s paper of this title had un- 
fortunately to be taken in his absence, owing to 
illness. The paper covered both a wider and a 
narrower range than its title indicated, as Sir 
Frederick referred at length to the merits of coal 
and of oil, and their bunkering and distribution for 
marine purposes. He discussed the unintentional 
and the intentional pulverising of coal, the fuel 
consumption in Diesel and reciprocating engines, 
the importance of the coal transport for shipping, 
and the storage of oil near the well, the refinery 
and in distribution bases. Of 32,000,000 tons of 
coal bunkered in 1922, 18,000,000 tons had been 
supplied at ports of the United Kingdom. There 
were over 300 oil-bunkering stations, 65 in ports 
of the Empire. The total capacity of oil storage 
in ports (excluding Government stores and refineries) 
was 20,000,000 tons, 15,000,000 of which were on 
American ground. The world’s crude oil produc- 
tion had, in 1923, risen to 137,709,000 tons, the per- 
centages of the chief products being, in 1923 (and 
1921): gasoline, 18 (16); kerosene, 9:5 (8) ; lubric- 
ants, 4(4); fuel and gas oils, 62 (61) ; other products, 
6:5 (11). But the total oil output was only 11 per 
cent. of the coal output, and oil could not completely 
supplant coal. 

Mr. Beeby Thompson asked, in the course of 
the discussion, whether it might not sometimes be 
better to leave the oil in the earth instead of storing 
it. Tanks had been put wp in America, which 
would be used once only, and the annual loss of 
2 or 3 per cent. of petrol represented only a small 
fraction of the whole storage loss. 

The publication in full of the proceedings of the 
Petroleum Section will be appreciated in wide circles. 


Section C. IRon anp STEEL. 


The concluding session of this Section was held 
on Thursday morning, the 5th inst. 


BritisH [IRoN AND STEEL INDUSTRY. 


The first paper was contributed by Mr. F. W. 
Harbord and Mr. E. F. Law, on the subject of the 
“ British Iron and Steel Industry.” It gave a brief 
history of the discoveries made in iron and steel 
manufacture, showing that this country did all the 
pioneer work in connection with pig-iron and iron 
and steel. There was probably no other iron- 
producing country in the world where, within such 
a small area, such variable conditions in respect 
to raw materials existed as in Great Britain. The 
paper reviewed the conditions and works generally 
in separate British districts. The discovery of 
stainless steel by Brearley marked a distinct advance 
in alloy steel manufacture. This steel was now 
being commercially produced in considerable quan- 
tities in the electric furnace by adding a mixture 
of chrome ore and ferro-silicon to the slag on the 
steel bath, and thus reducing the chromium in 
situ, instead of adding it in the form of ferro-chrome 
to the steel. In this country the acid open-hearth 
furnace held its own for production of steel for 
armament purposes, for the great bulk of railway 
tyres and a large proportion of axles. The high 
conductivity steel rails for our electric railways, 
which had to be exceptionally free from elements 
other than iron, were made almost entirely in the 
basic open-hearth furnace. It was recognised that 
many of our Colonies and Dependencies, as they 
developed their iron and steel industries, must 
gradually cease to be customers for many of our 
products, but these developments were welcome, as 
evidence of the continuous growth of our great 
Empire. 

_ This paper was taken together with one on “Some 
Economic Considerations Affecting the Iron and 
Steel Industry,” by Sir W. J. Larke, and Mr. M. 
S. Birkett. This compared the present-day position 





in the industry with that which ruled pre-war. 
In 1913, our pig-iron production was 10,260,300 tons, 
in 1923, the figure was 7,438,500 tons. Our steel 
production in 1913 amounted to 7,663,900 tons, 
whilst in 1923, it amounted to 8,488,900 tons, an 
increase of only 825,000 tons in spite of the fact 
that the capacity of our open-hearth furnaces had 
increased by 66 per cent., the number of small 
furnaces of 20 tons and under had been reduced 
from 141 to 62, and the number of furnaces of 60 tons 
and upwards increased from 66 to 179. Our old 
beehive non-recovery coke-ovens had practically 
been superseded by more modern by-product ovens. 
Before the war, not only Germany, but also the 
United States, Italy and France were ahead of Great 
Britain in the production of electric steel, but now 
the capacity of Great Britain was second only to 
that of the United States and Germany. In 1912, 
our total iron and steel exports were 9-97 per cent. 
of the total exports of British products; the pro- 
portion in 1923, was 9-93 per cent. The paper 
reviewed the questions of fuel economy, emphasised 
the need of improvement in the output per man-hour, 
and dealt with other points of a commercial nature. 

In the course of the discussion it was suggested 
that statements as to the quality of British products 
might have been given in the papers, particularly, 
perhaps, in regard to pig iron, British makes of 
which were superior to those of all other countries. 
Reference was made to the direct production of 
chromium steel mentioned in the first paper, and a 
question asked as to the measure of success attained 
by that direct process, it being pointed out that for 
the alloy to resist corrosion it had to be free from 
defects of all kinds. The reply indicated that 
quality was not entered into since that of British 
products, particularly pig-iron, was recognised the 
world over. In the matter of the direct process 
of making chromium steel, one firm was producing 
the steel readily on the process, this referring to low 
carbon chromium steel. 


Tron AND STEEL IN CANADA. 


The third paper, by Mr. C. S. Cameron, on “ The 
Iron and Steel Industry in Canada,” was read by 
Sir Newton J. Moore. It stated that the Canadian 
iron and steel works came under two natural geo- 
graphical divisions. One had its base on the Great 
Lakes and drew its supply of coal, and for the 
most part its supply of ore, from-the United States. 
In this division were the works of the Algoma Steel 
Company, at Sault Ste. Marie, and the works of 
the Steel Company of Canada, at Hamilton, on 
Lake Ontario. The other division was in Eastern 
Canada, in the province of Nova Scotia, and was 
entirely self-dependent, having ample supplies of 
coal in that province and of ore in the neighbouring 
island of Newfoundland. Here were the works of 
the Nova Scotia Steel and Coal Company and those 
of the Dominion Iron and Steel Company, both of 
which were merged in the British Empire Steel 
Corporation. The paper then gave a history of the 
Canadian iron and steel industry and of the above- 
mentioned companies, and pointed to the fact 
that the Canadian production would ultimately 
become a most important factor in the growth 
and prosperity of the Dominion. Canadian steel 
was already known in many parts of the world. 
Canadian rails had been laid in India, South Africa, 
Australia, and even .in England and Ireland. 
Canadian billets, rods and wire were well known in 
Japan and Australia. 

The points brought out in the discussion were to 
the effect that the Canadian Government was giving 
much attention to the possibility of developing the 
iron and steel industry on the Pacific Coast also, 
using British Columbian coal. Regret was ex- 
pressed at the necessity of importing into Canada 
so much high-grade ore. Canadian lower-grade 
ores existed in large quantities and these would, it 
was hoped, soon be turned to account after con- 
centration carried out on a large scale. 


Tron AND STEEL IN InpIa. 

Mr. H. M. Surtees Tuckwell contributed the fourth 
paper dealing with “‘ The Iron and Steel Industry 
in India: its Rise, Present Position and Future 
Prospects of Development.” It gave a history of 
the development of iron and steel manufacture in 
India, including interesting particulars of the Tata 


Iron and Steel Company and its associated com- 
panies, of the Bengal Iron Company, Limited, 
the Indian Iron and Steel Company, Limited, the 
United Steel Corporation of Asia, Limited, and the 
Mysore Ironworks. Evidence was put forward 
as to the vast coal and mineral resources available 
in India. Attention was called to the labour 
conditions and to the necessity of providing, close 
to the works’ sites, pure water supply, sanitation 
measures, schools, markets, &c., examples of what 
the Tata Company had done in this respect being 
described in detail. 

The discussion brought out the difficulties which 
surround the labour question in India. The huge 
population, it was stated, was made up of a great 
number of people speaking different languages, of 
different religions and castes. It was difficult to 
induce a group of people to move from one part 
of the country to another, even for high wages and 
other advantages. The efficiency of the Indian 
did not exceed one-third of that of the European 
or American workman. On the part of higher-class 
apprentices, dislike was expressed at working hand 
machines, even for a short time; this, they said, 
should be done by coolies. India entirely lacked 
a middle class practical population, capable of taking 
charge and directing work. Of the men having a 
University degree there were more than enough. 
Emphasis was laid on the readiness with which 
foreign countries, on receiving orders from India, 
agreed to train a certain number of students 
and pupils, these latter on their return to India 
generally advocating the placing of future orders 
with the same foreign countries. This country 
should seriously consider the advisability of training 
Indians more than was now done, this being one 
means of working for the consolidation of the 
Empire. There was no doubt as to the vastness 
of India’s mineral. resources. In regard to labour, 
the next generation, with education, would not be 
so averse to undertaking hand labour. As an 
instance of the capacity of Indian workmen, the 
author, in reply to the discussion, stated he had once 
had a report to the effect that on tinplate manu- 
facture an Indian shift had on one occasion beaten 
the record made by the Welsh shift who had been 
sent out as instructors in this particular branch. 


Tue Britiso Cast-IRoN RESEARCH ASSOCIATION. 


The last paper in Section C was on “ The British 
Cast-Iron Research Association: Its Present Work 
and Future Development,” by Mr. J. G. Pearce. 
It recorded the work of the Association on cast iron 
generally, on various cast-iron mechanical parts, 
moulding sands, &c., and pointed to its value in 
acting as a technical focus for the industry, and 
as a link between the industry, universities and 
Government departments. 

In welcoming the paper, the chairman called 
attention to the question of apprenticeship both in 
the cast-iron and in the later developed steel foundry. 
He thought there was a distinct dearth of men who 
started their foundry apprenticeship with sufficient 
instruction to see beyond the manual, practical 
side of the work. It was difficult to obtain in 
foundry work men who brought to it a sufficiently 
high level of instruction to grasp the difficulties 
which were involved in it. The author quite agreed 
with these statements, and added that it was also 
true that many metallurgical students did not 
receive the practical training which obtained in the 
case of engineering students. 


Srotton D.—Non-Frerrovus METALS. 


At the meeting on Thursday morning the chair 
was again occupied by Professer Thomas Turner, 
of Birmingham University. 


METALLURGY AT BritisH UNIVERSITIES. 


The first paper taken was contributed by 
Professor H. C. H. Carpenter, F.R.S., and dealt 
with “ Metallurgical Education of University Rank 
in Great Britain.” Particulars were given of the 
courses at 11 Universities, much of the matter 
being contributed by the official heads of the 
departments concerned. 

The discussion turned mainly on the relative 
merits of the diploma of the Royal School of Mines 
and the degree of B.Sc. in technology which is 





awarded by a number of provincial Universities, 
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It was stated that at the Royal School of Mines 
the examination requirements were so high that only 
the abler students could take the diploma. Others 
therefore took the London degree of B.Sc., for 
which the test was less searching. Unfortunately, 
however, since degrees were commonly reckoned as 
superior to diplomas the abler students, it was 
stated, were often passed over, for appointments, 
by their inferiors who had had to be contented 
with the London degree, owing to the difficulty of 
the examination for the associateship. 


ReEsEARCH IN GOVERNMENT LABORATORIES. 


Dr. J. L. Haughton next read a paper on 
“Metallurgical Research in Government Labora- 
tories.” He stated that practically speaking it 
was only at the National Physical Laboratory 
that fundamental metallurgical research was being 
carried out at the national cost. At Woolwich, 
at the Admiralty Engineering Laboratory, and at 
the Mint, the work done was mainly under- 
taken with some immediate practical end in view. 
The equipment at Teddington was next described, 
amongst which was an experimental rolling mill 
which had been of great service in discovering 
the requisite conditions for the successful rolling 
of different allovs. With respect to aluminium 
alloys Dr. Haughton said that the work at the 
laboratory had shown conclusively that the phe- 
nomenon of “age-hardening,” first observed with 
Duralumin, was due to the separation of a con- 
stituent from the solid solution which resulted in 
an exceedingly fine grain structure. It had also 
been shown that contrary to popular opinion 
aluminium and its alloys were not injured by 
repeated re-meltings, and that any deterioration 
found must be due to contamination. To-day a 
special study was being made of the iron alloys, 
the basis of the research being electrolytic iron 
containing only minute traces of other elements. 
The importance of this was illustrated by the fact 
that alloys made with Armco iron which contained 
only 0-02 per cent. carbon differed markedly from 
those made with the pure electrolytic material. 

Amongst other important work the laboratory 
was preparing in conjunction with the Iron 
and Steel Institute, a series of standard steel 
drillings for use in steel analysis. Dr. Haughton 
further stated that the research department at 
Woolwich had made an important improvement in 
the sceleroscope by fitting a 3 m/m. ball in the nose 
of the falling weight to replace the usual hammer. 
With this arrangement, much more concordant 
results were obtained. Much work was in progress 
there on the effect of heat treatment on alloy steels. 
Tn the case of high tensile steels, it had been found 
that in the nickel chromium group, the best ratio 
of nickel to chromium was about 2} to 1. A 3 per 
cent. chromium steel had shown excellent mech- 
anical properties, and machined better than the 
nickel-chromium steels, and much better than 
“straight” nickel steels of equal hardness. So far as 
the investigation had at present gone, the “‘ mass 
effect” was least with nickel-chromium-molybde- 
num steels. Iron ferrous alloys had also been 
studied there, while investigations had led to the 
conclusion that the ‘“‘season cracking” of brass 
could be avoided by annealing the alloy at low tem- 
peratures. In another investigation it was found 
that the tendency of copper to crack in a reducing 
atmosphere could be eliminated by alloying the 
copper with from 2 to 3 per cent. of zinc. 

There was no discussion on this paper. 


Tue Non-Ferrovs Merats RESEARCH 
ASSOCTATION. 


A paper describing *‘The Work of the British 
Non-Ferrous Metals Research Association,” was 
read by Dr. R. S. Hutton, who stated the Associa- 
tion was founded in 1917 and incorporated in 1920. 
The work had been seriously hampered by the trade 
depression, but during the last two years there had 
been a rapid increase in the membership. The 
researches so far undertaken covered, he said, the 
review of existing knowledge and the investigation 
of manufacturing difficulties, and also the develop- 
ment of new knowledge and its application to in- 
dustry, There was also an Information Bureau 
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available sources. The experimental work now in 
progress related to 23 different inquiries. 

Dr. Rosenhain was the only speaker on this 
paper. He said that at the outset he had “been 
opposed to the policy of establishing these research 
associations, as he thought that the funds could be 
more profitably expended in subsidisiag directly, 
the men already engaged in research work. He 
still believed that from the purely financial stand- 
point, this rule held good, but experience had led 
him to see that there were considerable incidental 
advantages attaching to the research Associations. 
They were the means of bringing together makers 
and investigators. The former thus learnt the kind 
of work in progress, and began to take a direct 
interest in research. As one result, he expected that 
in the future there would be less. “time-lag”’ than 
hitherto between a laboratory discovery and its 
industrial exploitation. No other speaker coming 
forward the discussion terminated and the pro- 
ceedings were brought to a close. 





ConcLUDING PROCEEDINGS. 


The concluding general session was held on 
Friday morning, the 6th instant, under the chair- 
manship of Viscount Long, and the first business 
was the reading, by Mr. G.C. Lloyd, of a resolution 
by which the official delegates to the conference 
constituted themselves an Empire Council of Mining 
and Metallurgical Institutions. The Council will 
include two delegates from each of the principal 
British and Dominion mining and metallurgical 
institutions. Its objects will be to serve as a means 
of communication and co-operation between con- 
stituted bodies and to promote and protect the 
common interests, its functions being to foster and 
maintain a high standard of technical efficiency and 
professional status, and to convene conferences 
within the Empire. It will have powers to institute 
projects with a view to action and to direct affairs 
submitted by institutions, but not to interfere in 
the domestic affairs of constituent institutions. 
The Council will also discuss the desirability of 
forming a register of engineers, scientists and 
technologists connected with the mining and 
metallurgical industries. 

After the resolution had been read, a vote of 

thanks to the authors of the papers read at the 
Conference, proposed by Professor H. Louis and 
seconded by Professor R. W. Dron, was duly carried. 
The resolutions relating to the general work of the 
Conference were then taken, the first referring to 
the taxation and rating of mines, failing to secure a 
seconder. The next resolution, proposed by 
Professor K. N. Moss, asking the Council to consider 
the advisability of standardising academic training 
in general mining throughout the Empire,* was 
carried with the addition of metallurgical training. 
A third resolution, to the effect that certain sections 
of Mr. Evan Williams’s paper on the ‘‘ Economics 
of the Coal Mining Industry ” should be forwarded 
to the Press for the education of the public, was also 
proposed and seconded, but several objections were 
raised, and on being put to the meeting the resolu- 
tion was lost by a large majority. 
No other resolutions being forthcoming, votes of 
thanks to the Executive Council, the general 
secretaries (Mr. C. McDermid and Mr. G. C. Lloyd) 
and the Chairman, were proposed and carried with 
acclamation, and, after the Chairman had briefly 
responded, the proceedings terminated. 








CaRDIFF AND NEwport.—The Great Western Railway 
Company has recently published two large posters giving 
birds-eye views of the dock areas of Cardiff and Newport. 
These are designed with a view to attract attention to the 
facilities offered at these ports and to the suitability of 
sites in their immediate vicinity for works and factories. 
They are very effective and should serve their purpose 
admirably. 





Rare Navication.—The Department of Overseas 
Trade has received from the Commercial Counsellor at 
Paris copies of the monthly periodical, La Navigation 
du Rhin, which contain two articles by the Bureau 
Veritas Inspector at Strasbourg on the subject of the 
Rhine barge, in which it is stated that before the war 
almost all the Rhine barges were built in Holland, whereas 
recently they have been built in Germany. One issue 
also contains an article on the subject of the Rhine 
Lateral Canal, illustrated by two maps, one showing the 


«“TOPLIS” LUFFING CRANES AT 
SOUTHAMPTON DOCKS. 


AN important addition to the cargo and baggage. 
handling appliances at the Southampton Docks has 
recently been made by the completion of six new cranes 
of the improved “ Toplis ” patent horizontal-luffing type, 
which have been supplied by Messrs. Stothert and Pitt, 
Limited, of Bath, to the order of the Southern Railway, 
Two cranes, each capable of lifting a load of 5 tons at 
90 ft. radius, have been erected on berth No. 41 in 
order to make the berth suitable for vessels up to the size 
of the Leviathan. The long working radius provided, 
it should be explained, is necessitated by the fact 
that, owing to their great draught, such vessels will have 
to lie at a distance of 45 ft. from the quay side. 
The other four cranes, which complete the present 
order, are located on berths Nos. 35 and 36, which are 
used by vessels of the Union-Castle Line. Of these 
cranes, one has a lifting capacity of 5 tons at 65 ft. 
radius, and the other three are each capable of lifting 
2 tons at 65 ft. radius. Berth No. 34, which is con- 
tinuous with berth No. 36, will be equipped in an exactly 
similar manner in the near future, the four cranes for 
this berth being now in course of erection by Messrs. 
Stothert and Pitt. It will be evident that the complete 
equipment will materially improve the facilities for 
handling cargo, and this fact, which will be readily 
appreciated by shipowners, will doubtless bring in- 
creased trade to the port. 

The six cranes already delivered, although having 
different lifting capacities and working radii, as stated 
above, are of generally similar design and construction, 
and their arrangement is indicated in Figs. 1 and 2 on 
the next page, which are actually reproduced from the 
drawings of a 5-ton crane, having a maximum working 
radius of 90 ft. One of these cranes is shown in position 
in Fig. 3 on page 768, which has been reproduced from 
a photograph of berth No. 41. The vessel moored off 
the quay is the Cunard liner Mauretania, which is now 
again in service after having been refitted at Cher- 
bourg. The work, it will be remembered, could not 
be carried out at Southampton owing to the unfortu- 
nate strike of the shipyard workers at that port. 
Fig. 4, on page 768, is a view of berth No. 35, 
showing one of the 2-ton 65-ft. radius cranes in the 
foreground. Behind this another similar crane and 
the 5-ton, 65-ft. radius crane can be distinguished ; 
the fourth crane, which is also capable of lifting a 
load of 2 tons at 65 ft. radius, had not been erected 
at the time of taking the photograph from which 
Fig. 4 has been reproduced. 

As will be understood from Figs. 1 and 2, the cranes 
consist of a travelling truck, in which is mounted a 
rotating steel lattice structure, forming a mast and 
carrying the jib and the combined machinery house and 
operator’s cabin. The cranes, as mentioned above, 
are fitted with the “‘ Toplis ” horizontal luffing gear, 
the principles of which have been previously described 
in our columns, but several important modifications 
in the arrangement of the gear have been made and a 
number of other improvements have been included in 
the construction of these new cranes, so that they mark 
a decided advance over the earlier models and represent 
particularly interesting examples of modern practice in 
crane design. Of the special characteristics of the 
cranes, we may first point out that the jibs are of the 
balanced cantilever type, the balance weights, which are 
of cast iron, being attached to backward extensions of 
the jib. There are two balance weights to each jib, 
one situated on each side of the machinery house, as 
indicated by the chain-dotted lines in Fig. 2, and they 
are arranged to balance the jib perfectly at any radius. 
The jibs are pivoted to the masts well above the 
machinery house, as shown in Fig. 1, thus giving the 
operator an unobstructed view of the load in all 
positions, and are luffed in and out by means of cranks 
and connecting rods on each side. One of the con- 
necting rods, which are each built up of two-channel 
bars with cast-iron distance pieces, can be seen towards 
the forward end of the machinery house in Fig. 3. 
An important advantage of this method of luffing is 
that it is impossible, in any circumstances, to over-luff 
the jib at either end of its travel; the luffing motion 
can, in fact, be left in operation continuously without 
any harm resulting, the jib then simply travelling up 
and down and the load moving in and out in a horizontal 
path between the maximum and minimum radii. ‘The 
horizontal motion of the load, it may be pointed out, is 
practically simple harmonic in character, the v locity 
reaching a maximum at the mid-radius position and 
falling to zero at the inner and outer end positions ; 
this circumstance reduces to a minimum any tendency 
for the load to swing. 

The luffing gear described, of course, avoids the 
necessity for a luffing rope, the only rope employed being 
for hoisting the load. The horizontal movement of the 
latter in luffing is obtained, in accordance with the 
Toplis principle, by taking the hoisting rope round 
compensating sheaves mounted on the mast and 








which answered queries and collected and distri- 
buted scientific and technical information from all 





proposed course of the canal and the other the Rhine and 
its connecting waterways. 





near the jib head, as shown in Figs. 1 and 3, before 
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finally passing it over the main sheave at the jib head. 
By suitably arranging the relative positions of the 
compensating sheaves, the hoisting rope can be paid 
out and taken up as the jib rises and falls, so as to keep 
the height of the hook constant. The use of horizontal] 
luffing gear in conjunction with the jib-balancing 
arrangements, referred to above, renders it possible to 
uncouple the connecting rods of the luffing motion 
without disturbing the equilibrium of the jib, even with 
the full load, or any smaller load, on the hook. It will, 
in fact, be evident that, in combination, the various 
design features already described eliminate a con- 
siderable proportion of the possible causes of accident 
attending the use of jib cranes for cargo handling. 

In all cases, the cranes run on tracks of 18 ft. gauge, 
the travelling motions being operated by motors 
mounted above the portals of the crane trucks and 
driving the travelling wheels through horizontal and 
vertical shafting and spur and bevel gearing. The 
5-ton cranes are mounted on four two-wheel bogies. 
but the others run on four single travelling wheels. 





| already been referred to, but we ‘may now mention that 


| the huffing cranks are driven from the motor by means of 
worm and spur reduction gearing. The thrust of the 
worm is taken on ball-thrust washers, and the gear 
is completely enclosed in an oil-tight box. The 
mechanism, however, has only to overcome the frictional 
resistance of the moving parts, since the jib is completely 
balanced in all positions and under all conditions of 
loading, as previously stated, so that but little power is 
absorbed in the operation of luffing. In the case of the 
5-ton cranes, the mean speed of luffing the load is 
120 ft. per minute, while the corresponding figure for 
the 2-ton cranes is 160 ft. per minute. 

The motors used were supplied by Messrs. Laurence, 
Scott and Co., Limited, Norwich, and are of the 
enclosed-ventilated type, rated for temperature rise 
and overload capacity in accordance with the British 
Standard Specification No. 168 of February, 1923. The 
hoisting, slewing and travelling motors are series 
wound in all cases, but the luffing motors have com- 
pound windings to render the speed more uniform with 
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The travelling speed of the 5-ton cranes is 50 ft. 
per minute and that of the 2-ton cranes 100 ft. 
per minute. The lower end of the mast is carried 
in a footstep bearing at the level of the top of 
will be understood on refer- 
ence to Figs. 1 and 2, and the lateral reactions at 
the top of the truck, are taken by mild-steel roller 
paths, on which bear breast rollers mounted on the side 
The slewing motion is operated by a 
separate motor, driving through worm and spur 
reduction gearing a vertical shaft, on the lower end of 
which is mounted a pinion engaging with the slewing 
rack. The latter is built up of channel bars, with 
removable pins forming the teeth, this method of 
construction being both lighter and stronger than the | fixed-barrel type, and with these cranes the load is 
The slewing |lowered on the potentiometer system. For this 
speed is 1 r.p.m. in the case of the 90-ft. radius cranes ' operation, the field of.the hoisting motor is connected 


the portal openings, as 


of the mast. 


more usual circular rack of cast steel. 


and 1} r.p.m. in all other cases. 


The hoisting motion is operated from the motor by 
means of double-reduction spur gearing and the load, 
in all cases, is lifted on a single part of steel-wire rope 
In the case 
of the 5-ton cranes, the lifting speed is 100 ft. per|a heavier load. The resistances, however, are graded 
minute, while that of the 2-ton cranes is 200 ft. per 
The 2-ton cranes, it should be mentioned, are 
fitted with free barrels, the gearing being engaged and 
disengaged for hoisting and lowering the load by means 
of a coil clutch. The latter is operated electrically 
by means of a solenoid, which serves to relieve the 
operator of manual effort, and the arrangement enables 
the loads to be lowered safely and noiselessly at very 
high speeds. We shall deal later with the electrical 
arrangements for lowering and also with the lowering 
system employed on the 5-ton cranes, which are pro- 
The system of luffing has 


wound on to a helically-grooved barrel. 


minute. 


vided with fixed barrels. 





the varying torque required by the cranks operating 
the jibs; the light-load speed of the luffing motors is 
about 25 per cent. above the full-load speed. The 
controllers for the hoisting motors are of the automatic 
centactor type, while those for the other motions are 
of the drum-reversing type. They are all operated by 
vertical lever handles and the master controllers for 
the hoisting motors are fitted with spring-return 
mechanism, which automatically brings the handles to 
the “‘off’’ position when they are released. All 
controllers are electrically interlocked with the main 
circuit breakers to prevent the latter from being closed 
unless the controllers are in the “ off” position. 

As previously mentioned, the 5-ton cranes are of the 


in shunt across the armature through suitable resis- 
tances. The resistance in the field circuit is varied by 
the movement of the controller handle, which gives a 
fixed speed for lowering a definite load on each notch, 
although on any notch a higher speed is obtained with 


so as to keep the speed within safe limits when lowering 
the maximum load on the last notch. It is impossible 
for the load to take charge in any circumstances, and 
since the motor is never disconnected from the line, the 
arcing which occurs with rheostatic braking control is 
completely obviated. In the case of the 2-ton cranes, 
on which the free-barrel system of lowering is employed, 
the reverse side of the hoisting controller is fitted with 
one step for energising the solenoid actuating the coil 
clutch, above referred to, and another step for driving 
down the hook without a load when the weight would 


tactors for the hoisting controllers are mounted on a 
slate base with a steel protecting cover, and are assem- 
bled on a framework for fixing to the wall of the 
machinery house. The contactors for reversing the 
motors are mechanically interlocked to render it 
impossible for the forward and reverse contactors to be 
closed together, while the contactors which cut out the 
resistance from the armature circuit step by step are 
fitted with a magnetic locking device to prevent 
excessive current from passing if the handle of the 
master controller is moved too rapidly. The main 
resistances consist of stamped grids of rustless steel, 
specially packed to prevent vibration and mounted 
separately from the controllers in protected sheet-steel 
frames. The resistances are all of 5-minute rating and 
conform with the requirements of the British Standard 
Specification No. 118 of 1923. 

The protective panels, which control the main supply 
of current to the cranes, are of the contactor and relay 
type, comprising two magnetically-operated single-pole 
contactors, with an adjustable time lag overload relay 
in the positive main of each motor and an overload 
relay, without a time lag, in the common negative 
main: the magnetically-operated contactors, of course, 
perform the functions of a no-voltage release. The 
control switches consist of two double-pole, quick 
make and break switch fuses. One of these switches 
controls the operating coil circuits of the contactors, 
and, when it is closed, two pilot lamps are lighted, the 
lamps continuing to burn as long as current is supplied 
to the crane ; the second switch controls a circuit for a 
hand inspection lamp. The solenoids, which operate 
the brakes on the hoisting, luffing and travelling 
motions, as well as that operating the clutch on the free- 
barrel cranes, are of the totally-enclosed type and are 
each fitted with an adjustable dash-pot, which regu- 
lates both upward and downward movements of the 
plunger. 

Of the other electrical details we may mention a 
limit switch operated from the main hoisting barrel, 
fitted on each crane to prevent the possibility of over- 
winding the load, and the collector rings and brush gear 
by means of which current is supplied to the slewing 
portion of the crane. The collector gear is located at the 
base of the mast just above the footstep bearing, and the 
rings, brush-gear brackets and water-tight cover are all 
split vertically so that the gear can be assembled after 
the erection of the mast, and also removed and replaced 
readily for inspection and repairs. The cranes are 
lighted electrically throughout and a swivelling fitting, 
containing 2-200-watt gas-filled lamps, is attached to 
the under side of the jib of each crane in the position 
indicated in Fig. 1; a two-way, iron-clad switch and 
fuse-board is provided for the lighting circuits. 

In conclusion, we may mention that the switch- 
gear, solenoids and electrical-control apparatus were 
supplied by Messrs. Allen West and Co., Limited, 
Brighton, while the collector gear was constructed by 
Messrs. Brecknell, Munro and Rogers, Limited, of 
Bristol. All the cranes were completely erected and 
tested under heavy overloads at Messrs. Stothert and 
Pitt’s works before being taken down and re-erected at 
Southampton, where they are now in service. We 
understand that Messrs, Stothert and Pitt, Limited, 
have recently received a very large order for ‘‘ Toplis” 
cranes of the type described above from the Mersey 
Docks and Harbour Board for the equipment of the 
New Gladstone Docks. 








Tue Coventry Pustic Lipraries.—The annual report 
of the committee of the Coventry Public Libraries for the 
year 1923-1924 is now issued. It indicates that 311 
volumes and 2,100 pamphlets have been added to the 
commercial and techrical section of the libraries. 





ENGINEERING IN THE Navy.—An announcement is 
made to the effect that prizes of books or instruments to 
the value of 10/. will be awarded to all, naval officers 

ecialising in engineering under the 1922 scheme, who 
obtain first-class marks in each of the five groups of the 
final examination. 





GALVANISED STEEL WrRE Stranp FoR SIGNALLING 
Purposes.—-The British Engineering Standards Associa- 
tion have issued their specification No. 163, 1924, in 
which are set out the conditions governing the supply of 
7/17 S.W.G. galvanised steel wire strand for signalling 
purposes ; it includes a number of definitions and clauses 
relating to construction, material, dimensions, lay and 
inspection. With regard to galvanising, it is laid down 
that the zinc used shall contain no less than 97-75 per 
cent. pure zinc. These clauses are followed by particulars 
of the tests which the wire is required to pass, including 
the method of taking the test samples, twisting, elongation 
and tensile tests, also dipping and coiling tests to prove 
the quality of the galvanising. The specification gives 
directions as to coiling, marking and packing of the 
accepted materials, and a table showing the percentage 
elongation, breaking loads, &c., for 17 8.W.G. Wires of 
various tensile strengths. Copies are obtainable from 
the B.E.S.A., Publications Dept., 28, Victoria Street, 








not be sufficient to move the free barrel. The con- 


S.W. 1, price Is, 2d., post free, 
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THE MOULLIN TORSION METER. 


THE measurement of the brake horse-power 
transmitted through shafting while in regular work 
is often required for many purposes, of which one 
of the more important is connected with the 
power delivered to the propeller of a ship. The 
space in a ship’s tunnel is not large, and the appa- 
ratus used should therefore be kept within the 
diameter of the couplings; the length of the 
selected portion of shaft is also limited to the 
clear distance between coupling and plummer block ; 
it is also desirable that the indicator should be in 
the engine-room, where it is most needed, and that 
the gear should be of such simple character that 
it will function without attention. These features 
have been kept in view in the design of the Moullin 
torsion meter now being made by the Cambridge 
Instrument Company, Limited, who have con- 
structed apparatus for measuring the torque in 
shafts up to 10 in. diameter and transmitting 
1,500 h.p. 

The instrument consists essentially of an air-gap 
choker, one-half carried by a ring fixed to one 
point on the shaft and the other half carried adjacent 
to the first but attached to a sleeve fixed to the 
shaft about 4 ft. away. The diagrams annexed 
(Figs. 1 to 5) show the arrangement of the halves 
of the choker, of which the one a is fixed to the ring 
and the other, b, attached to the sleeve, the effective 
length over which the measurements are made 
being that between the normal planes of the two 
attachments. A small alternating-current generator 
supplies current to the windings c at 60 periods and 
about 100 volts. As the shaft twists the gap opens 
for forward running (and closes in running astern) 
and the current increases in direct proportion to 
the gap, thus giving a scale in linear proportion 
so that the measurements on a record vary directly 
with the torque. 

The indicator is made in two forms, a visual 
pattern for commercial work consisting of a simple 
ammeter (Fig. 6) controlled by the gear and scaled 
to read the mean integrated torque direct. The 
indicator may be placed at any distance from the 
shaft and may be in multiple to give readings in 
various parts of the ship. The readings are inde- 
pendent of changes in the voltage of the ship’s 
continuous current supply, used to drive the 
generator, of about 0-2 kw. For a permanent record 
the ammeter is replaced by a standard Duddell 
oscillograph ; by this means a continuous record 
is obtained of the instantaneous values in place of 
the mean reading given by the ammeter. The 


led in and out of the chokers by two slip-rings the ring so that true axial alignment may be ob. 


d and e, mounted together, insulated from each 
other and from the shaft, and taking current from 
two brushes carried from any convenient fixed 
point. 

Correct measurement of torque depends on a 
definite length between the points of attachment of 
the two halves of the choker; this is obtained in 
the case of the sleeve (Fig. 2) by means of a screw f 








Fig. 2. 
END ELEVATION OF SLEEVE Fég. 4. 


tained, the three-point arrangement is replaced 
by a four-point fixing (Fig. 4), which is duplicated 
in order to maintain the axial alignment when run. 
ning. One screw h at the outer end has a conical 
point entering a cylindrical hole in the shaft and 
prevents rotation or endway displacement, the three 
other screws iii acting in the same plane, normal to 
the axis of the shaft have spherical ends and are 
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time-scale that may conveniently be adopted is 
about 15 cm. per second, and the frequency, of 
course, is governed by the alternations at 60 per | 
second. The vertical scale for the torque 


Fia. 7. 





can be arranged to any convenient height, 
and gives positive and negative readings 
for ahead and astern respectively during 
manceuvres. 

The calibration of the instrument is 
effected by mounting the coils in their 
working relative position on a screw-table 
giving readings to 0-01 mm.; the rela- 
tions between current and air-gap, when 
obtained and plotted, give a straight 
line. The relation between the air-gap 
and torque is calculated from the shaft 
dimensions : diameter and length between 
the points of attachment of the torsion 
meter—that is to say, of the two halves 
of the choker. The relation between 
torque and current being known, the 














ammeter can be scaled to give direct 
readings. In assembling the gear on the 

shaft on board ship, the gap is adjusted 

until the ammeter reading comes to the 

zero of the torque scale-—-which is not the zero of 
the ammeter scale, but is so chosen as to give room 
for recording astern readings. 

In the illustrations (Figs. 1, 4, and 5) two chokers 
are shown, one at each end of a diameter so that 
they are in mechanical balance, and being con- 
nected electrically in series, are unaffected by a 
movement sideways of the tube; the arrangement 
forms, in fact, a compensation for sideway move- 
ment which would tend to open one air-gap and 
close the other by an equal amount. Current is 





Fie. 8. 


with a conical point entering a short cylindrical hole 
in the shaft. At 120 degrees from either side of 
this pointed screw are two spherical ended screws 
gg; the three screws taken together give a rigid 
fixing at this cross-section of the shaft. At the other 
end of the sleeve (Fig. 3), in line with each of the 
three screws, are rollers, having their axes parallel 
to the axis of the shaft, so arranged near to the ring 
as to support the end of the tube while allowing 
relative rotational movement between the sleeve 
and the shaft. In order to facilitate the setting of 








arranged at 90 degrees to each other. At the other 
end of the ring next to the sleeve are four other 
spherical-ended screws (not shown in the figures) 
arranged in planes passing through the axes of the 
shaft and of the screws of the fixing set. These 
screws of the second set do actually have to slide to a 
microscopic extent, but they are not set up as tight 
as the first set, being only screwed down lightly 
and locked so that they act as steadying surfaces. 
Both sleeve and ring are necessarily made in halves, 
the parts being bolted together, as shown in the 
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drawings before the adjustments are made. As/| has, we are informed, enabled measurements to be 
the screws on the ring are arranged in pairs} made down to 0-1 h.p. with the same sleeve, rollers 
opposite each other, and on two diameters at and chokers and a disc mounted on the shaft as a 
right angles, the adjustments can be made in|roller path. The over-all length of sleeve, chokers 
place in the same manner as for collimating the | and slip-rings for measuring the torque in a 10-in. 
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Fig. 12. 


cross hairs of a telescope. By this means no| propeller-shaft amounts to about 4 ft. 6 in., but 
effect of friction limits the free response of the gear|can be reduced for shafts of smaller diameter. 
to torsion of the shaft ; an apparatus constructed | Three views of the complete gear are shown in Figs. 
for measuring 400 h.p., but temporarily fitted|7, 8 and 9. 

with a shaft much smaller than the 4-in. shaft|- The diagram shown in Fig. 10 is a print from a 
intended for the full capacity of the instrument, | photographic film record of the torque of a 6-cylinder 


Diesel marine engine and shows more than two re- 
volutions (a complete cycle) of the engine. Fig. 11 
shows the direct photographic film record from an 
engine in which the phases are not so well marked ; 
it is accompanied by a record of revolutions indi- 
cated by the thick stroke at the commencement of 
each series of short descending lines, the dying out 
of which shows the direction in which the time-scale 
runs ; in this case from left to right. Fig. 12, in 
which the time scale is shown above instead of 
below the oscillograph diagram and runs from 
right to left, is a record taken from a Scott-Still 
4-cylinder engine and shows the change-over from 
steam alone giving 112 r.p.m. to oil and steam at 
the commencement of the day’s work; this was an 
unusual condition for change-over, because the 
speed had fallen to about 50 r.p.m. before oil was 
put on; the fluctuations in torque when the 
change-over occurred can be appreciated and the 
short period, about 24 revolutions of the engine 
necessary for steadying down is also rendered very 
apparent. 

By a slight modification, consisting in a direct 
drive from the propeller shaft, the instrument can 
be made to give direct readings of horse-power. 

The method can also be applied to the measure- 
ment of thrust, though this form of the apparatus 
has not yet actually been used at sea. 

A simple instrument working in a similar manner 
is also being designed to indicate the position of the 
rudder. In fact, any angular movement between 
definite limits can be indicated at a distance by 
electric apparatus working on this principle. 








EXTENSIONS TO LOUGHBOROUGH POWER 
STATION. 


Amone@ the smaller power stations of the country 
which at the present time constitute the great majority 
that at Loughborough has attained a very creditable 
position. Since it was first started, twenty years ago, 
it has always been a turbine station, the first generating 
units being a pair of 250-kw. Brush-Parsons direct- 
current sets running at 2,800 r.p.m. and furnishing 
current at 440 volts to 460 volts. These, it may be 
remarked, were the first turbo-generators ever built 
by the Brush Company, who were the earliest of Messrs. 
C. A. Parsons and Company’s British licensees. In 
1911, larger generators were fitted to the turbines, 
and the output of each unit thereby raised to 350 kw. 
One of these machines is still in service with the original 
turbine. In 1914 it was decided to change the system 
of supply to alternating current at 50 cycles, and a 
1,000-kw. 3-phase 6,600-volt Brush-Ljungstrém unit 
was installed, running at 3,000 r.p.m. Since that time 
the Loughborough Corporation has remained faithful 
to the Brush-Ljungstrém type of plant, a 1,500-kw. 
set being added in 1917, and a unit of 3,000 kw. capacity 
forming one of the features of the latest extensions 
which were formally put into service on Thursday, 
June 5. 

Prior to these extensions, the plant had a rating of 
2,850 kw., one of the earlier units having been removed 
at the time the 1,500-kw. set was installed. To serve 
this amount of generating machinery there were in 
the boiler-house one Clarke-Chapman boiler rated at 
12,500 Ib. of steam per hour and two Babcock and 
Wilcox boilers, each with a rated capacity of 22,000 
lb. per hour. All three boilers were fitted with Under- 
feed stokers. The output of the station, which for 
1919 was in round figures 3-1 million units, had in- 
creased to 3°43 million in 1920, and to 4-25 in 1921, 
so that, on the advice of Mr. R. B. Leach, the Borough 
Electrical Engineer, the Corporation invited Mr. C. H. 
Wordingham to draw up plans for the enlargement of 
the plant. Mr.Wordingham’s recommendations, which 
have now been carried into effect, involved the pro- 
vision of the 3,000-kw. Brush-Ljunstrém  turbo- 
generator already referred to; a 1,000-kw. rotary 
converter by the British Thomson-Houston Company, 
Limited, with a Brush transformer; a Vickers- 
Spearing boiler with a normal rating of 25,000 lb. 
evaporation; extra high-tension switchgear of the 
ironclad type by Messrs. A. Reyrolle and Company, 
Limited ; low-tension switchgear by Messrs. Bertram 
Thomas ; and the necessary extensions to the buildings 
to accommodate the new plant. The capacity of the 
station has thus been raised to 5,850 kw., and room 
has been left for a further increase of plant. 

« The new boiler is of the Spearing cross-drum type, 
manufactured by the Vickers-Spearing Boiler Company, 
Limited. Three drums are provided—a main steam 
and water drum at the back, 48 in. diameter; a cir- 
culating drum 36 in. diameter; and a mud drum 
also of 36 in. diameter. The heating surface is 5,320 





sq. ft., and the Ferguson sectional superheater has an 





766 





additional heating surface of 800 sq. ft. The boiler 
works in conjunction with a Green “ Ringstay”’ 
cast-iron economiser of 200 tubes, fitted with a ‘‘ Nati- 
onal” circulator. An eight-retort Erith-Roe mechani- 
eal stoker is provided for the boiler. The setting for 
this stoker requires no arch, so that not only are arch 
troubles eliminated, but the full effect of the radiant 
heat from the fire is available for evaporation. The 
stoker is required to burn fuel with a calorific value as 
low as 8,000 B.Th.U. and of variable character, in- 
cluding coke and coal with a high ash content and carry- 
ing a considerable proportion of dust. Under these 
conditions the boiler is guaranteed to supply 25,000 
Ib. of steam per hour at a pressure of 225 Ib. per square 
inch, and a temperature of 650 deg. F., with feed water 
entering the economiser at 100 deg. F. The guaran- 
teed overall efficiency of boiler, superheater and eco- 
nomiser under normal conditions and rating is 80 per 
cent. A turbine-driven boiler feed pump by Messrs. 
W. H. Allen, Sons and Company, Limited, a Worthing- 
ton-Simpson feed-water heater, and a Boby water 
softener are among the accessories, 

The new turbo-alternator is of the standard Brush- 
Ljungstrém pattern, designed to work with steam 
at 200 lb. per square inch superheated to 600 or 650 
deg. at the stop-valve, and with a vacuum of 28-75 in. 
It develops 3,000 kw. normally under these conditions, 
this being its most economical rating. It is fitted with 
overload valves enabling it to cope with a load of 
3,300 kw. when the steam pressure has dropped to 
180 lb. at 580 deg. F. and the vacuum is only 28 in. 
The condenser, also built by the Brush Company, 
has a cooling surface of 5,200 sq. ft. and will condense 
36,000 Ib. of steam per hour to a vacuum of 28-75 in. 
with circulating water at 60 deg. F. The cooling 
surface is composed of 2,100 brass tubes # in. outside 
diameter. A Brush-Delas air ejector will dispose of 
22 lb. of dry air per hour from the condenser. The 
condensate is extracted by means of a Mirrlees-Watson 
centrifugal pump driven by a 4-5 brake horse-power 
motor at 1,440 r.p.m., which will deliver 60,000 Ib. 
of condensate per hour against a head of 18 ft. As 
a stand-by to the air ejector a Mirrlees-Watson rotary 
air pump is provided. This will dispose of 21 lb. of 
air per hour with operating water at a temperature 
of 70 deg. F. It is driven by a 25 brake horse-power 
Brush motor running at 1,440 r.p.m. A Mather and 
Platt centrifugal pump provides the necessary circu- 
lating water for the condenser. The cooling air for 
the alternators is furnished by a 30-in. Sirocco fan 
capable of delivering 8,000 cub. ft. of air per minute 
to each alternator against a 6-in. water gauge. It is 
driven by a 40 brake horse-power Brush motor at 
1,000 r.p.m. The air is drawn through a “ Visco” 
oil-type filler capable of dealing with 16,000 cub. ft. 
of air per minute. An alarm device gives visible 
and audible warning in the event of failure of the 
air supply. All auxiliary motors are of the direct- 
current type and they are controlled by dust-proof 
starters of the B.T.H. pillar design. 

The measuring apparatus with which the engine- 
room is equipped includes a B.T.H. flow-meter to 
measure the steam entering both the turbine and the 
air-ejector. The condensate is delivered by the 
extraction pump to a Lea combined indicating, 
integrating and recording meter, so that the steam 
consumption of the turbine is under continuous 
check. On the switchboard gallery are two Cam- 
bridge electrical indicating and recording thermo- 
meters, by means of which the temperature at a large 
number of points can be observed and _ registered. 
The measuring apparatus for the boiler-room hardly 
appears to have been given as much consideration 
as that for the engine-room, although it is more 
important to operating economy. It is very nice to 
know how much steam a turbine has used per shift, 
but it is of vastly more practical use to know how 
much fuel has been burnt and how much water has 
been evaporated for the power generated, for in the 
first case the operator can do little to effect an improve- 
ment while in the latter an enormous range of operating 
efficiency lies within his control. 





PERSONAL.—Messrs. Allen-Liversidge, Limited, manu- 
facturers of dissolved acetylene and acetylene welders 
equipment, have moved into larger and more convenient 
head offices at Victoria Ssation House, Westminster, 
S.W.1. Their lighting, heating and power installation 
department remains at 123, Victoria-street, Westminster, 
8S.W.1. 


Tse Norrinegpam Cotwick EstatTes.—An illustrated 
pamphlet has been issued by the Estate Office, Colwick, 
near Nottingham, giving particulars of the sites avail- 
able at Colwick for industrial purposes. The sites are 
in direct communication with the L. and N.E. and the 


L.M. and 8, Railways, with the river Trent, which gives 
direct access to the Humber ports, and is also within easy 
reach of England’s most densely populated districts by 
means of waterways, railways and roads, and yet having 
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WATERLOO BRIDGE. 
To THE Eprror or ENGINEERING. 

Sir,—The failure of Waterloo Bridge and the conse- 
quent necessity for its demolition and reconstruction 
raises many most interesting points both to the public 
and the engineering profession. To remove the present 
masonry and restore it in order to preserve Rennie’s 
design intact appears to be the demand of public 
sentiment. Such an undertaking would be much more 
difficult and arduous than the construction of a new 
bridge to a different design to meet the requirements 
of modern traffic. 

To remove a bridge of such magnitude stone by 
stone and rebuild it on new foundations to an in- 
creased width in an important navigable river is without 
a parallel in engineering experience. No such project 
has ever been attempted in either ancient or modern 
bridge construction. When old London Bridge was 
demolished, the spans were only from 10 ft. to 33 ft. 
wide, and in the case of the demolition of old Rochester 
Bridge the spans were only about 35 ft. with a centre 
span of 71 ft. But in this case we have nine heavy 
spans of 120 ft. each with massive piers 20 ft. thick, 
to be subsequently restored, which is a very different 
proposition ; indeed it is only by comparison that we 
can adequately comprehend the magnitude of the 
proposed work. Many important masonry bridges in 
the past have failed through decay or been destroyed 
for military reasons, but in no case is there recorded a 
parallel case of this magnitude. A somewhat similar 
case was that of the great Roman bridge over the 
River Danube built by Dio Cassius, a.p. 104, and 
destroyed by the Emperor Adrian, but it was not 
rebuilt. Had its twenty piers and arches of 170 ft. 
span with a width of 60 ft. and a height of 120 ft. been 
restored to its original design, then, indeed, it would 
have eclipsed the rebuilding of Waterloo Bridge, but 
as its destruction was the Emperor’s only object, we 
have no known precedent. 

There are many magnificent examples of masonry 
bridges in France carried out by the Department des 
Ponts et Chaussées, and it would be extremely interest- 
ing to know whether they have ever had an experience 
of similar character and magnitude. It is, therefore, 
interesting to consider the various points connected 
with the proposed work. The cause of this disaster 
is no doubt due to the failure of the foundations from 
the erosion of the bed of the river and the use of 
inferior timber in the foundations (beech and elm 
having been used instead of English oak). 

The construction of London Bridge in 1832 (i.e., 15 
years after the building of this bridge) lowered the 
level of low water by 5 ft. and considerably deepened 
the bed of the river, whilst the construction of the 
Thames Embankment further increased the scour in 
the river, so that after the lapse of about fifty years 
trouble began and Sir John Fowler was called in to 
advise on remedial works. If, as proposed, the bridge 
were rebuilt on the present site then this enormous 
quantity of decayed timber must be removed from 
the bed of the river; a very trying operation if the 
pneumatic system of sinking the caissons for the 
foundation were adopted, for the decayed piles would 
have to be cut away piecemeal if they cannot be 
drawn. To avoid this difficulty would it not be 
advisable to alter the spans to ensure the foundations 
coming in new ground between the present piers. In 
which case eight of the nine existing arches and all 
the piers could be re-used and smaller spans inserted 
at each abutment. Further, the removal of these 
large masonry arches would not prove a simple prob- 
lem ; in each arch the key-stone course would have to 
be cut to loosen the other courses of the arch, to do 
which heavy centres would have to be fixed beneath 
to take the weight of the arch, and the same rules 
observed as in building a bridge or viaduct, three or 
four centres being used to take the weight of the ad- 
joining arches, the work of demolition being commenced 
at one end and continued right through. To commence 
in the centre would necessitate an increased number of 
centres and double the risk of collapse. 

We must then consider some system which must 
be adopted in removing the masonry so that it will 
all go back into its proper place in the design. Every 
stone must be marked and systematically stacked, 
indeed each arch, pier and spandrel wall must be 
kept separate so that when the rebuilding commences 
the various stones will be ready to go back into their 
proper places. To do this successfully probably 
8 or 10 acres of land would be required on the river 
bank with a proper unloading jetty for the barges. 
This is not so easy a task as it may appear and would 
require a good system and a considerable amount 
of careful supervision (as I know from experience). 

The question here arises whether the structure 
could be lightened by the substitution of reinforced 
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concrete for the inside portion of the piers and arches, 
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while maintaining the granite facework with its 
architectural features. No doubt the reconstruction 
could be much simplified by so doing. Therefore, it 
would appear best, if it is desired to preserve Rennie’s 
design, to use up eight of his arches and piers with two 
new land arches, sink new foundations between the 
present piers and use reinforced concrete for the 
inside work with Rennie’s masonry for the facework, 
These remarks only apply to the removal and restora- 
tion of the bridge to preserve Rennie’s design so as to 
satisfy public sentiment, and must not be understood 
to imply that as good or indeed a better bridge cannot 
be designed more in accordance with the requirements 
of modern road traffic at a less cost. 

Before concluding this letter I would refer to the 
proposal recently made public by an eminent engineer 
to underpin the piers and foundations to obviate the 
removal and rebuilding of the bridge. Without being 
in possession of adequate information one can only 
surmise from his recent important works asto the system 
which he probably proposes to adopt; but the simple 
facts which would appeal to any practical engineer 
are that this massive structure is already on the verge 
of collapse, so what would be its state when its rotten 
foundations are interfered with during the process 
of underpinning, even though it be done gradually 
and carefully with the necessary temporary supports ? 
Although the scheme may be feasible the risks are so 
great that its success is not sufficiently assured to war- 
rant the heavy outlay involved. Would any contractor 
care to enter into an unconditional lump sum contract 
for it with its attendant risk and responsibility 7 
Indeed, the proposal is unpractical for it should not 
be forgotten that should the attempt at underpinning 
fail, the bridge would inevitably collapse and its 
removal as a ruin with its subsequent reconstruction 
would prove a very costly error. 

In my letter published in your issue of the 2nd 
ultimo, I dealt with the causes of the failure and the 
method of reconstruction without a temporary bridge 
but as that has already been decided upon and a 
contract let for its construction, the demolition of 
the bridge in its entirety and subsequent reconstruction 
becomes an accepted procedure and hence the rele- 
vancy of the remarks contained in this letter as an 
amplification of the subject. 

I am, your obedient servant, 
Joun J. Rosson, M.Inst.C.E. 

Gravesend, June 2, 1924. 








Farapay Hovusr ELEcTRICAL ENGINEERING COLLEGE. 
—The Summer issue of “‘ The Faraday House Journa!,”’ 
vol. x, No. 6, contains besides the notes of interest to the 
old students, articles on the City of Winnipeg Hydro- 
Electric System, on Self-Exciting Alternators and on the 
Internal Combustion Turbine. 





THE First Wortp PowER CoNFERENCE.—We dealt 
with this conference on page 644 ante. The British 
Electrical & Allied Manufacturers’ Association, 36 and 38, 
Kingsway, W.C.2, announce that the opening reception 
will be held on Monday, the 30th inst., at. the British 
Empire Exhibition. The Prince of Wales will welcome 
the delegates from the 35 participating countries. This 
function will take place in the Hall 1 at 3 p.m. The 
official banquet will be in the evening of the same day, 
at the Queen’s Hall, Langham-place, W.1, at 7 for 7.30. 
The President, the Rt. Hon. the Earl of Derby, will preside. 





STEEL-PLATE Roap.—The transport of a 50-ton 
electric generator made at Birmingham for the Sydney 
Corporation, necessitated steei sheets being laid over 
the road from the works to the L.M.S. Goods Station, 
Witton, in order to prevent the heavy load from sinking 
through the surface and damaging the gas and water 
mains. Ten hours were taken to complete the journey 
of a little over a mile. At the station the generator was 
lifted’ from the lorry by two cranes sent from the 
London Midland & Scottish works at Crewe. A rail- 
way truck of special design carried the generator to Man- 
chester, whence it was shipped by a Clan liner to Sydney. 





DinnER TO CotoneL R. E. B. Crompron.—At 
dinner given at the Royal Automobile Club on Monday, 
the 2nd instant, to celebrate the eightieth birthday of 
Colonel R. E. B. Crompton, C.B., R.E., it was announced 
by Mr. H. G. Burford, the President of the Institution 
of Automobile Engineers, that Colonel Crompton had 
been elected an honorary member of that Institution. 
Sir Arthur Stanley, in seconding the toast of the health 
of Colonel Crompton, also announced that he would be 
elected an honorary life member of the Royal Auto- 
mobile Club. After the dinner Colonel Crompton gave 
an interesting discourse on the development of road 
locomotion, referring especially to the work of R. W. 
Thomson, who invented a pneumatic tyre in 1847 
and who designed the first successful rubber tyres for 
road locomotives and passenger vehicles. A number of 
lantern slides were also shown to illustrate long road 
trains consisting of 10 or more two-wheeled vehicles 
hauled by a three-wheeled locomotive. In conclusion 
Colonel Crompton referred to the introduction © 
mechanical transport into warfare during the South 
African war, and to the impression it then made on 
General French, the outcome of which was its extensive 
employment in the recent war. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—After a stoppage which, in many 
cases, extended from two to five days on account of the 
indefinite state of order books, the bulk of the steel and 
engineering works have now resumed operations. 
Prospects, like working conditions, appear to be decidedly 
mixed. While the tool branches and certain of the 
engineering sections are well employed, though mostly at 
cut prices, the heavy iron and steel trades are experiencing 
difficulty in attracting sufficient new business to take the 
place of expiring contracts, and in several instances 
makers have been compelled to reduce output. This 
applies largely to steel ingots, castings, and various forms 
of common steel. Official returns show that in April 
last (the latest period for which figures are available) 
works in the Sheffield district produced a total of 99,600 
tons of iron and steel, representing a fall of 9,000 tons as 
compared with the corresponding month last year, and 
of 13,000 tons as compared with March last. Later 
returns, it is generally forecasted, will show a further 
reduction. The bulk of this material, 54,000 tons, was of 
basic steel, but owing to the demands made by the 
constructional engineering trades, acid steel manufacture 
figured to the extent of over 35,000 tons. Shipbuilders 
are finding rather more work for the big steel foundries of 
Sheffield and district, and the heavy forges are estimated 
to be working at about 70 per cent. capacity. The 
position at the rolling mills is difficult to gauge, mainly 
on account of the fact that in the majority of cases only 
small tonnages are specified, this necessitating, in view 
of the many sizes and descriptions asked for, the frequent 
changing of rolls, and a material increase in running 
expenses. Despite the difficulties of the French market 
engineers in that country are still placing considerable 
orders for rolled steel with mills in this district. Makers 
of crucible steel specialities are finding new outlets in 
Colonial markets, but feel acutely the effect of currency 
obstacles in foreign countries which formerly were large 
buyers. For this reason business in alloys is anything 
but satisfactory, many of the prices ruling, according to 
holders of supplies, being unremunerative. The im- 
provement reported in files, saws, joiners’ and carpenters’ 
tools, and mining implements and machinery is fully 
maintained, 


South Yorkshire Coal Trade.—The market has not yet 
recovered from the effect of the holiday stoppage, and 
though supplies are more than equal to the demand, 
business is greatly restricted, without any further 
quotable change in official rates. Best steams are easy 
both on inland and export account. Cobbles and nuts 
show weakness, though best slacks continue fairly 
steady. House coal is featureless; further reductions 
seem probable. Furnace and foundry coke, despite the 
existence of substantial stocks, are maintained at round 
about 27s. per ton forinland consumption. Quotations: 
Best branch handpicked, 34s. to 35s.; Barnsley best 
silkstone, 28s. to 29s.; Derbyshire best brights, 28s. 
to 30s. ; Derbyshire best house, 25s. to 27s. ; Derbyshire 
best large nuts, 24s. to 25s. ; Derbyshire best small nuts 
18s. 6d. to 20s. 6d.; Yorkshire hards, 23s. to 24s. ; 
Derbyshire hards, 21s. 6d. to 238. 6d.; rough slacks, 
12s. 6d. to 15s. 6d.; nutty slacks, 12s. to 14s. ; smalls, 
8s. to 10s. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scottish Steel Trade.—The past week has not brought 
out much in the way of fresh business in the Scottish 
steel trade, and a dull tone still o—-. The prices 
named by Continental agents are having an unsettling 
effect on local buyers, but the uncertainty about deliveries 
always weighs in favour of the home producer. The 
improvement in the shipbuilding industry has not 
vet caused any flow of orders for ship plates, but sectional 
material is again a shade better. Constructional 
engineers are doing fairly well just now, and are going 
through quite a goodly quantity of steel. In the black 
sheet trade the current demand is not heavy, and 
although orders keep coming in with a certain amount 
of regularity there are few makers who can see more 
than a week or two ahead. Export lots are not of 
heavy tonnage. Prices are maintaining an even level 
and are as follow :—Boiler plates, 13/. 10s. per ton; 
ship plates, 107. 5s. per ton; sections, 10/. per ton ; 
and sheets, 7 to $in., 127. 10s. per ton, all d/d. Glasgow 
stations, 


Malleable Iron Trade.—There has been no change in 
the malleable-iron trade of the West of Scotland since 
last report, and conditions at the works are not very 
good. The demand is poor and plant is being kept 
running with some difficulty. Prices are unchanged, 
with “Crown” bars at 127. 10s. per ton, d/d. Glasgow 
stations, 


Scottish Pig-iron Trade.—In the Scottish pig-iron trade 
there has not been a very great turnover this week, 
as new business is difficult to pick up. Despite every- 
thing, however, there is quite a good undertone, but 
buyers, both home and export, are acti with much 
caution and fixing only their more immediate require- 
ments, The output all round is more than equal to 
the demand, and in some places stocks are increasing. 
Pr ices keep steady and are quoted as follow :—Hematite, 
5l. 2s. 6d. per ton, d/d. at the steelworks ; foundry iron, 
No. 1, 5l. 58. per ton, and No, 3, 5l. per ton, both on 
trucks at makers’ yards. 


yy¥e 

Shipments of Scottish Pig-iron—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, June 7, were exceedingly poor 
and only amounted to 563 tons. Of that total 523 tons 
went overseas and 40 tons went coastwise. For the 
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corresponding week of last year the figures were 5,086 


tons overseas and 231 tons coastwise, making a total 
shipment of 5,317 tons. 


Shipbuilding.—Messrs. Scott’s Shipbuilding and Engi- 
neering Company (Limited), Greenock, have received 
orders from Messrs. Alfred Holt and Company, Liver- 
pool, to build another vessel with twin-screw internal 
combustion engines of the Scott-Still type. This order 
would seem to be the outcome of the successful maiden 
voyage of the ss. Dolius, built for the same owners by 
Messrs. Scott. The new vessel will be larger and the 
engines will be of greater power. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business is all but at a 
standstill. The customary Whitsuntide holidays are 
mainly responsible for the suspension of operations, but 
an important contributory cause is the extremely un- 
favourable condition of affairs on the Continent. Values 
of Cleveland pig iron are falling notwithstanding the 
declaration of producers that quotations are already 
unprofitable. Home demand has shrunk to small 
dimensions and export business is almost unheard of. 
With needs falling far short of output, stocks threaten 
once more to accumulate. For f.o.b. Tees delivery No. 1 
Cleveland is 95s.; No. 3 g.m.b., 90s.; No. 4 foundry, 
89s.; and No. 4 forge, 88s.; but for iron f.o.t. makers 
works orders can be placed at slightly below these 
figures. 

Hematite.—Conditions in the East Coast hematite 
branch are unsatisfactory. Production exceeds require- 
ments, and values show downward movement. Home 
buying is small, and export trade has shrunk to very 
narrow limits. Some makers have only moderate 
stocks, but they threaten to increase rapidly unless 
demand expands considerably. Nos. 1, 2 and 3 are on 
sale at 97s. 6d. and No. 1 hematite is round about 98s. 


Foreign Ore.—Sales of imported ore are hardly heard 
of, and it is difficult to ascertain on what terms contracts 
could be arranged. Sellers base market rates on best 
rubio at 23s. 6d. c.i.f. Tees. 


Blastfurnace Coke.—Local users of Durham _ blast- 
furnace coke are buying to meet early needs only and 
quotations are weak. Good average qualities run from 
27s. to 27s. 6d. delivered to consumers in this district. 


Manufactured Iron and Steel.—Business is extremely 
slow in nearly all branches of finished iron and steel, 
the outstanding exception being the galvanized corru- 
gated sheets department. Demand for such sheets is 
heavy and some manufacturers have now such a lot of 
work on hand that they have closed their order books. 
Among the principal market quotations are: Common 
iron bars, 127. 10s.; iron rivets, 147. 10s.; packing 
(parallel), 9/., packing (tapered), 12/.; steel billets (soft), 
91, steel billets (medium), 10/., steel billets (hard), 101. 5s. ; 
steel boiler plates, 13/. 10s. ; steel ship, bridge and tank 
plates, 10/. 5s.; steel angles, 10/.; steel joists, i0v. ; 
heavy steel rails, 9/.; fish plates, 13/.; and galvanised 
corrugated sheets (24 in. gauge in bundles), 181. 5s. 





Tue NEwcomEN Socrery.—The Summer meeting of 
this society takes place on the 18th, 19th and 20th inst. 
at Shrewsbury. A paper by Mr. Rhys Jenkins on 
‘Mineral Industries in the Coalbrookdale District,” 
will be read on the second day. Visits to works and to 
places of historical interest are on the programme. 


Tue Late Dr. R. H. Jupe.—Wo regret to record the 
death, which occurred at his residence, 52, Glenhouse- 
road, Eltham, S.E.9, on the Ist inst., of Mr. R. H. Jude, 
M.A., D.Se. Dr. Jude was author and joint author of 
a number of books on electricity and magnetism. He 
was for thirty years head of the Physical and Mathemati- 
cal departments of Rutherford College. He originated 
and conducted special classes in higher mathematics for 
engineers, and was a lecturer at the popular Saturday 
night science lectures in Newcastle. Dr. Jude was 71 


years of age. 





THe Motor Omnisus StaTION aT WEMBLEY.—It is 
estimated that one-half of the total number of visitors 
to the British Empire Exhibition reach Wembley by 
the motor ’buses of the London General Omnibus 
Company, Limited. To facilitate the handling of this 
heavy traffic the company have erected a station at 
the south-west entrance to the Exhibition, This station 
was designed by Major Holden, and has eight parallel 
island platforms of 70 ft. length. The ‘buses enter the 
forecourt at the side remote from the Exhibition entrance, 
deposit their passengers and then proceed to the platforms. 
At the end of each platform there is an illuminated sign 
showing the route numbers of the "buses there dealt 
with. After the passengers have filed into the "buses, 
which action is greatly facilitated by having the plat- 
forms on the level of the *bus step, departure is made 
at the other side of the enclosure from the entrance. 
The introduction of order and system into the working 
of the "bus service at the Exhibition has made it possible 
to dispatch a "bus every 15 seconds during the rush 
hours. All operations are under the control of a traffic 
organiser on the spot, while an inquiry and interpreters’ 
office is provided for the assistance of the public. On 
Bank Holiday the system proved highly satisfactory in 
dealing with about 160,000 passengers. 
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NOTICES OF MEETINGS. 

Tue Puysicat Soctety or Lonpon.—To-night, at 
5 p.m., at the Imperial College of Science, South Ken- 
sington, S.W.1. ‘‘On a Method for the Synchronous 
and Instantaneous Illumination of Objects Rotating or 
Vibrating at Very High Speeds,” by Dr. G. E. Bairstow. 
“The Absorption and Scattering of y-rays,’’ by Dr. E. 
A. Owen, Mr. N. Fleming and Miss W. E. Fage. ‘‘ The 
Flow of Compressible Fluids, Treated Dimensionally,”’ 


by Mr. W. N. Bond, M.Sc. ‘‘ Note on Israj, a Remark- 
able Indian Stringed Instrument,” by Mr. D. B. Deodhar. 


THe Royat Soctety or Arts: DOMINIONS AND 
Cotonites Srection.—Monday, June 16, at 4.30 p.m., 
at John-street, Adelphi, W.C.2. “‘ The Mineral Wealth 
of the Pre-Cambrian in Canada,” by C. V. Corless, 
M.Se., LL.D. 

THE Society or Guass TEcHNOLOGY.— Wednesday, 
June 13, at 2.30 p.m., at The University, St. Georges- 
square, Sheffield. ‘Some Remarks on the Erection and 
Operation of Modern Tank Furnaces,” by Mr. Percival 
Marson, “Note on an Unusual Type of Recuperative 
Tank Furnace,” by Mr. F. W. Hodkin, B.Se., and Pro- 
fessor W. E. S. Turner, D.Sc. 


THe Rapio Society or GREAT BriTaIn. TRANS- 
MITTER AND Retay Section.—Friday, June 20, at 
6.30 p.m., at the Institution of Electrical Engineers, 
Victoria Embankment, W.C.2. Informal Meeting. 
Mr. J. Ashton Cooper will open a discussion upon *! Tun- 
ing Coils.” 








NOTES FROM THE SOUTH-WEST. 
CarpirF, Wednesday. 

The Coal Trade.—Little business was transacted in the 
coal markets during the past week because of the inter- 
vention of the Whitsun holidays and the consequent 
interruption of work in the coal-field and at the docks. 
The pits were idle for three days and the coal-trimmers 
for two days, and to-day the latter worked only two 
short shifts of four hours each instead of the usual eight 
hours. The unauthorised strike of railway shopmen also 
impeded the transaction of business, though up to the 
present its influence is not greatly felt at the docks, 
but it is recognised that a continuance of the stoppage 
must eventually bring loading operations to a standstill, 
for as breakdowns occur to the tips and cranes 
so the appliances will become unavailable until repairs 
are effected, and for these repairs the shopmen are 
responsible. Shipments of coal as cargo last week 
amounted to 469,010 tons, compared with 578,420 tons 
in the previous week. Of the total, 195,070 tons were 
despatched to France, compared with 214,010 tons ; 
100,159 tons to South America, against 76,020 tons ; 
43,130 tons to Spain, against 32,420 tons; 30,340 tons 
to British coaling depots, against 66,270 tons; and 
22,570 tons to unclassified countries, against 44,280 tons; 
Exports from Cardiff totalled 282,090 tons, against 
364,830 tons; from Newport 76,810 tons, against 
106,270 tons ; from Swansea 64,460 tons, against 56,850 
tons ; from Port Talbot 31,970 tons, against 46,260 tons. ; 
and from Llanelly 13,670 tons, against 4,190 tons. 
Prices generally showed little alteration, and though 
outputs were affected by the recent stoppages, the 
demand remained insufficient to absorb available supplies. 
Best Admiralty large was readily obtainable at 27s. 6d. 
to 288., with Monmouthshires from 24s. to 27s. and smalls 
from 15s. to 18s. 6d., according to quality. The Palestine 
Railways have contracted for 24,000 tons of Cardiff 
steam coals for delivery at Haiffa over the next five 
months on a c.i.f. basis, 


Iron and Steel.—Exports of iron and steel goods from 
South Wales last week totalled 19,386 tons, compared 
with 8,604 tons in the previous week. Shipments of tin 
pistes amounted to 8,142 tons, against 5,867 tons; 

lack plates to 7,6124 tons, against 1,337 tons; galva- 
nised sheets to 2,283 tons, against 906 tons; and other 
iron and steel goods to 1,359 tons, against 495 tons. 





INTERNATIONAL CONGRESS ON ARCHITECTURAL Epv- 
CATION.—The Royal Institute of British Architects 
announces that the International Congress on Archi- 
tectural Education is to take place in London from 
July 28 to August 2. The headquarters of the congress 
will be at the R.I.B.A., 9, Conduit-street, W.1. 





Tue InstiITUTE or Puysics.—At the annual general 
meeting of this Institute, held on May 26, Sir Charles A, 
Parsons, F.R.S., was re-elected President. The Vice- 
Presidents are Professor W. H. Eccles, F.R.S., Mr. C. C. 
Paterson, Dr. E. H. Rayner and Sir Napier Shaw, F.R.S, 
Sir Robert Hadfield, F.R.S., is Treasurer, and Professor 
Alfred W. Porter, F.R.S., Honorary Secretary. The 
annual report shows that the demand for highly trained 
and qualified physicists at present exceeds the supply. 
The report deals at some length with the new monthly 
Journal of Scientific Instruments which is being produced 
by the Institute, and edited at the National Physical 
Laboratory. It also refers to the Lectures on Physics 
in Industry which are being delivered under the auspices 
of the Institute, and a second volume of which will 
shortly be published by the Oxford University Press. 
It is believed that the publication of these lectures and 
their circulation among manufacturers will do much to 
promote one of the main objects of the Institute, which 
is to urge the importance of physics in industry, and to 
encourage the employment of physicists qualified to 
understand where and how physical principles and 
knowledge may be utilised in increasing the efficiency 
of existing processes, and in the development of new 
applications. 





‘dNOOUDAUOT NI ANVYD SAIGVY “Ly-Gg9 NO]-Z HLIM ‘CE ‘ON HLUAG ‘fF ‘DIT ‘ENVUD SAICVY “Ly-06 NO[-G HLIM ‘[f ‘ON HUGG “¢ ‘DIY 


[JUNE 13, 1924. 





on 1 ee 


(\) 





S 
& | 
a 
pe | 
(2) 
| 
Zz 
=| 
7 
Z 
ea) 


or 


V 


—- 


Sr 


a 


Lee 


1 























(‘ZL ebng 208 ‘uoudrsoeaq 40g) 
‘“HLVA ‘SUMANIONG ‘GALINIT ‘LIId GNV LYAHLOLIS ‘SUSSAK AA GALONAULSNOD 


SMOOG NOLUNVHINOS LV SANVYO YNIAIOIT-IVINOZINOH 





« SITHOL» 








BARELY YD WEE £4N SUI LUNYU UND, 


weseet GF awst UU 6S USO 





JUNE 13, 1924. ] 


ENGINEERING. 








ENGINEERING. 


Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, 
W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TELEGRAPHIC } ** ENGINEERING,” WESTRAND, 

ADDRESS LONDON. 
TELEPHONE NuMBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


‘““ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 








For the United Kingdom .................... £3 5 0 
For Canada— 
Thin paper copies ............cc0 £2 18 6 
Thick paper copieS.................c.06 £3 3 0 
For all other places abroad—_ 
Thin paper copies................0 £3 3 0 
Thick paper copieS................0000+ £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address, 

When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shilings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch, Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed, Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed, 


TIME FOR RECEIPT OF ADVERTISEMENTS. 

Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, altera- 
tions for standing advertisements should be 
received 10 days previous to the day of 
publication. 


All accounts are payable to ENGINEERING, LTD. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.’”’ Post-Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


AGENTS FOR “ ENGINEERING.” 


AUSTRALIA: Gordon and Gotch, Limited, Melbourne; Sydney ; 
Brisbane ; Perth. Angus and Robertson, Limited, Sydney, 
N.S.W. T. Willmett and Co., Townsville, North Queens- 
land. W. C. Rigby, Adelaide, South Australia, Melville 
and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 

CanaDA, Toronto, Ont.: Wm. Dawson and Sons, Limited, 

87, Queen Street, East. 

EDINBURGH : John Menzies and Co., Limited, Rose-street. 

FRANCE, Paris: Boyveau and Chevillet, 22, Rue de la Banque 
For Advertisements, Office de Publications Commerciales 
167 Rue Montmartre, Paris (2e). 

GERMANY: Hermann H. Fromm, Potsdamerstr 1054, Berlin, 
W. 35. A Twietmeyer, Leipzig. 

GLASGOW : William Love, 221, Argyle-street. John Menzies and 

Co., Limited, West Nile-street. 

INDIA, Calcutta: Thacker, Spink and Co., Bombay; Thacker 
and Co., Limited. 

IvaLy : U. Hoepli, Milan. Anonima Libraria Italiana, Torino 

And any post office. 

LIVERPOOL: Mrs. Taylor, Landing Stages. 

MANCHESTER: John Heywood, 143, Deansgate. 

NEw ZEALAND: Gordon and Gotch Proprietary, Limited, Wel- 
lington, Auckland and Christchurch. 

Norway, Christiania: Cammermeyer’s Boghandel, Carl Johans 
Gade, 41 and 43. 

ROTTERDAM : H: A. Kramer and Son, Limited. 

SouTH AFRICA: Central News Agency, Limited, Head Office— 
Johannesburg ; and Pretoria, Cape Town, Port Elizabeth, 
Bloemfontein, Durban, and various branches and book- 
stalls throughout South Africa) Wm. Dawson and Sons 
(South Africa), Limited, 29, Long-street, Capetown. 

TasMANnIA; Gordon & Gotch Prop’ty, Ltd., Launceston : Hobart, 

UNITED States: For Subscription, New York: W. H. Wiley, 
440, Fourth Avenue. For Advertisements: J. S. Allan, 





CONTENTS. 


PaGE 


The North Tees Power Station (Illus.) ......0......0000:. 753 
Literature—Emergency Water Supplies for Mili- 





The Colliery at the British Empire Exhibition 

i) 8 Se ete tele reese i tn eR Nea 756 
The Empire Mining and Metallurgical Congress 759 
**Toplis ” Luffing Cranes at Southampton Docks 

oy EER ae SEE AU FMT od SU ies PAUSE ete 762 
The'Moullin Torsion Meter (Jllus.)............. 
Extensions to Loughborough Power Station 
Letter to the Editor.—Waterloo Bridge ............ 
Notes from South Yorkshire ..0.0...0.......ccccsecseeceeees 
Notes from Cleveland and the Northern Counties 767 
Notes from the North 











SROURORN OR MEOOUNTIN SS 8 stitch 
Industrial Co-operation in the Study of Fatigue.... 769 
Atoms and Isotopes (Z11U8.).........eccccccceccesesseseeceeees 770 
Double-Acting Marine Diesel Engines .................... 771 
The Late Lord Pirrie (With Portrait)... oo... 771 
The Late Major-General Sir G. K. Scott-Moncrieff 773 
Science at the British Empire Exhibition (Il/us.) 773 
NPBUBERERI IUOROM hoc. <a chesesesersesnecasostssuesiine ieee 776 
Brush Transformers at the British Empire Exhibi- 

Mle CHM foi Ne ane ee eke ee 777 
Results on Some Rolling Experiments on Ship 

Models (Zllus.) 
The Mather and Platt Electrolyser (Jllws.) ............ 780 
Light Alloys of Aluminium (IUlws.) .0......0.00. cscs 780 


With One Two-Page Plate and Two One-Page Plates.— 
THE NORTH TEES POWER STATION OF 
THE NEWCASTLE-UPON-TYNE ELECTRIC 
SUPPLY COMPANY, LIMITED. 








ENGINEERING. 


FRIDAY, JUNE 13, 1924. 








INDUSTRIAL CO-OPERATION IN THE 
STUDY OF FATIGUE. 


Tue Industrial Fatigue Research Board is anxious 
now to secure the co-operation of industrial fac- 
tories in applying practically some of the lessons 
arising out of its work during last year and of the 
investigations’ that are in progress. We have 
already from time to time given an account of 
most of these, so far as they have been published 
in the Board’s reports, and the personal contribu- 
tions from investigators by which the latest report 
is accompanied are short enough—some of them 
also interesting enough—to be left to our readers 
to peruse in extenso. 

The conclusion of this latest report calls, how- 
ever, for more detailed consideration. It expresses 
the opinion that many of the results disclosed by 
its investigations have arrived at the stage at which 
prima facie they may be recommended for adoption 
in industry, but that no final recommendation 
can be made till they have been tried in’ actual 
practice and adjusted in such manner as practical 
experience may indicate. For that purpose the 
Board suggests that as a preliminary step each 
important industry should set up a small committee, 
representative of employers and workmen, with 
control of some funds to be provided by the industry. 
This committee should examine the Board’s results 
and recommendations, and, with such revision as 
technical criticism may suggest, should have them 
applied in the conditions of actual practice, with 
a view to ascertaining whether they are in fact 
efficient in such conditions, and to what extent, 
if any, they should be modified. Such a body could 
also consider periodically any analogous problems 
affecting workmen, including such proposals as the 
Board or the National Institute of Industrial 
Psychology might submit, and in this way keep 
both an informed judgment on the importance of 
the several problems and complete control of the 
steps to be taken. 

The purpose of this proposal is evidently, on the 
face of it, to give concrete expression to what is 


Board has been set up to promote, rather than to 
press the details of the scheme it embodies in 
preference to possible alternatives. Those who are 
familiar with what has been done in the study of 
industrial fatigue in other countries as well as in 
this will agree unreservedly that without the 
co-operation of the industries at some stage of the 
investigations little or nothing of practical value 
can be done. They will also be under no illusion 
as to the order of magnitude of what is at stake. 
If the busy manager of a power station has 
the choice of considering equally good schemes for 
saving 50 per cent. on his oil bill or 5 per cent. on 
his coal, he will give preference to the coal scheme. 
Leaving out of account the indirect advantages— 
the improved fitness, contentment, and efficiency 
of the workers—of getting work done with less ex- 
pense of energy or more work for the same expense, 
the financial gain in question, enuring to the benefit 
of all concerned in the industry, is, at least in the 
engineering trades, of an order of magnitude which 
is certainly worth consideration. A moderate con- 
tribution for the purpose of converting prima facie 
into final results would as a mere investment have 
an exceptional prospect of return with a very small 
element of speculation. 

The industries may accordingly feel that they 
would be well advised to give some material support 
to the Board’s work, and to associate themselves 
with the tentative application in actual practice 
of such results as seem to deserve it. It seems, 
however, unlikely that they will show any enthu- 
siasm in the matter until the investigations are 
planned and conducted with better technical control 
than has been applied up to now. The Board has 
had no hesitation in admitting candidly that, so 
far as such control is necessary, many of their 
reports have suffered because their inquiries had 
been planned and executed without it. In the 
inquiry on machine design now in progress it has 
strengthened the supervising committee by taking 
in three engineers to represent the Department of 
Scientific and Industrial Research, and by entrusting 
the mechanical side of the investigation to a fourth 
distinguished engineer, whose work will command 
the confidence both of the industry and the pro- 
fession. The difficulty of the Board’s work does 
not, however, lie only in the fact that, as a rule, 
it demands acquaintance with more sciences than 
physiology and psychology. The Board’s state- 
ment that many of the variables which occur in 
practice “impinge on the sphere of the physical and 
technical sciences *’ does not fully express the fact. 
If Mr. Legros were merely an expert in physical 
and mechanieal science, or in the whole circle of 
the sciences, his control of the mechanical side of 
the inquiry into machine design would still leave 
engineers with an imperfect confidence in the value 
to be expected from the results. What commands 
that confidence is the common knowledge that in 
addition to his distinction in these sciences he is 
also a trained mechanic. 

For in constructive arts such as the engineering 
trades many of the variables that enter inevitably 
into practical conditions are as yet not under the 
control of any science. The difference between 
the practical man and the theorist lies in the fact 
that the practical man is familiar at first hand with 
shop practice and the often peculiar characteristics 
of what has to be used in it, while the theorist at 
best knows them at second-hand, and has no means 
of assessing them at their true value, even if he were 
disposed to do so. Practice cannot be expressed 
fully in any formula, and whoever seeks to trace the 
effects of changes in it must be able to use with 
a trained judgment the information and the 
experience that the sciences involved cannot 
provide. It is full late to consult with industry 
when the investigations have been planned and 
carried out by persons without industrial experience ; 
and the Board is likely to find a better reception 
in the engineering trades for results that have been 
planned and conducted with the co-operation of 
suitable men than for such as are wholly produced 
by men outside practical industry. The difficulty 
of finding suitable men is doubtless considerable, 
for no committee representing the several sciences, 
even with the addition of a practical man unused 
to scientific methods, will be as effective as one 
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man who in himself combines all the essential 
qualifications that the committee-men possess 
severally. The Board or the Research Department 
has, however, managed to surmount the difficulty 
for one investigation, and it seems hard to believe 
that it would be insuperable for others. 

Before, therefore, the preliminary step of setting 
up an industrial committee is taken, it would be well 
for the Board’s results to be so tried and demon- 
strated that they will encourage the committee 
to proceed with the work. Even then, however, it 
may be questioned whether the Beard is well advised 
in its estimate of the most effective way of getting 
the industry into its movement. Its purpose in 
seeking to establish a committee is to make the 
subject of interest to the whole industry, and not 
leave it “to the goodwill or progressiveness of 
individual firms.” That reads very much like a 
preference for inserting the thick end of the wedge 
first. A committee is an artificial body, and though 
it is not an impossible means of arousing interest 
in an industry, a more hopeful one would be to 
begin with the individual firms, and invoke the 
natural process of evolution by which the others 
would level up. In economic and other politics 
representative bodies doubtless serve the useful 
purpose of at once expressing and controlling the 
views of their constituents. What is here in ques- 
tion is, however, not a political matter. The 
representative system has not the same advantage 
when the object is simply to seek truth and 
prove it as it may have when what is sought 
is a compromise between conflicting opinions. 
The help and confidence of all grades in industry 
can be obtained for a purpose such as_ that 
of the Board without a cut-and-dried scheme 
of representation. What is required is that its 
investigations should be planned and made by the 
most competent body of members or officers, and 
the introduction of a representative qualification 
is not likely to decrease the admitted difficulty of 
obtaining such a body. It is after that body has 
done its work, with the help of the individual firms 
whom it can interest, that a committee could be 
introduced with safety and the likelihood of advan- 
tage. The ideas of the Fatigue Research Board 
are set out in their Fourth Annual Report just pub- 
lished at 1s, 3d. by the Stationery Office. 








ATOMS AND ISOTOPES. 


Txe fourteenth May Lecture of the Institute 
of Metals was delivered on Wednesday evening, 
June 4, by Dr. F. W. Aston, F.R.S. 

Dr. Aston said that nowadays all were aware 
that all matter was made up of discrete particles 
or atoms. There was an old Greek argument as 
to whether matter was infinitely divisible or whether 
further division would become impossible when a 
certain stage was reached. The Greeks never made 
experiments, and could therefore argue such ques- 
tions as this at any length. Modern science had, 
however, been able to decide the matter in favour 
of the second hypothesis, and an idea as to the 
extreme minuteness of the ultimate particles could 
be obtained by considering successive divisions of 
a cube of lead. Starting with such a cube of 
one cm. edge, this could be divided into eight equal 
cubes by sections through the mid-point. Repeating 
the operation on one of these small cubes the result 
was cubes of ,4yth the volume of that from which 
the experiment started. Proceeding in this to 
successive divisions of the same kind the volume 
diminished with extreme rapidity. With the ninth 
repetition we got to the smallest mass recognisable 
by ordinary chemical methods. The quartz fibre 
micro-balance, which could weigh one-millionth of 
a milligram, became ineffective beyond the four- 
teenth operation. Spectrum analysis failed beyond 
the fifteenth, whilst the micrescope could not 
recognise particles smaller than those resulting 
from the eighteenth repetition, but the ultimate 
atoms would not be reached until the twenty-eighth 
operation. If all the lead atoms in the original 


cube of 1 cm. side were strung out into a chain 
this would be six million million miles long. 

As another illustration of this minuteness of 
the molecule, if a very small hole were pierced 
in an electric light bulb, admitting air into the 


evacuated space at the rate of one million 
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molecules a second, the pressure inside would not 
reach that of the atmosphere till the lapse of 
100 million years. Again, suppose it were possible to 
“earmark” the individual molecules of a tumbler 
of water, which was then poured into the sea. 
After a few million years this water would be 
thoroughly mixed up with the rest of the water 
on the earth. If then, after this thorough mixture, 
another tumbler of water were drawn anywhere 
on earth, it would contain 2,000 of the original 
‘‘ear-marked’”’ molecules. In fact, there were 
2,000 times as many molecules in a tumbler of 
water as there were tumblers of water in all the 
oceans of the earth. 

Nevertheless modern physics could detect the 
effects of single atoms provided they were moving 
with sufficient velocity. To give them this velocity 
the atoms were ionised by removing an electron 
from them, and thus charged, they would acquire 
a high velocity in a strong electric field. Still 
higher velocities than were thus obtainable were 
possessed by the atoms shot out of radio-active 
bodies, but the speeds of such particles could not 
be controlled. 

Dalton had postulated that the atoms of each 
element were all similar in their properties and 
identical in weight. Shortly afterwards Prout had 
suggested that the atomic weights of all the ele- 
ments were integral multiples of that of hydrogen. 
Chemists had found this to be untrue, as a general 
proposition, whatever scale was taken as the basis 
of comparison, but many elements had atomic 
weights represented by whole numbers, if that of 
oxygen were taken as 16. There were, in fact, 
so many of these that it was obvious that the 
coincidence could not be accidental. Nevertheless, 
on the basis of their measurements chemists 
rightly adopted what had ultimately proved to be 
a wrong theory. It was, in fact, more important 
that a novel theory should be simple than that it 
should be final. If simple, it could be tested, and 
the ultimate truth arrived at step by step, and 
simple theories should not be abandoned until 
experiment made it necessary. 

The chemist with his methods was quite unable 
to test Dalton’s hypothesis that all atoms of the 
same element had the same weight. The chemist 
could measure, in fact, only averages, but, never- 
theless, Soddy had shown that there was a differ- 
ence in the atomic weight of lead derived from 
thorium minerals and that obtained from uranium 
minerals. 

A more direct test was provided by the positive- 
ray analysis, by which atoms could be weighed 
individually. These positive rays were obtained 
when a fine hole was pierced through the cathode 
of a discharge tube. They consisted of atoms from 
which an electron had been removed, and were 
thus positively charged. In passing through the 
intense field in front of the cathode they acquired 
enormous velocities. It was owing to this that 
when they passed through the holes in the cathode 
they caused the residual gases in the space beyond to 
glow. These rays had been very fully investigated 
by Sir J.J. Thomson. They were not, he might add, 
“death rays” ; they would not blow up an ammuni- 
tion dump, nor would they stop a motor-bicycle en- 
gine, but they had the merit of obeying the ordinary 
laws of physics. Their properties could, moreover, be 
demonstrated to experts—indeed, even more easily 
than to admirals and journalists. 

In the apparatus used by Sir J. J. Thomson the 
positive rays after passing through a very narrow 
tube, were subjected to a strong magnetic field 
which tended to deflect the particles in one direction 
and to a strong electric field producing a deflection 
at right angles to this. After this the particles 
struck a photograph plate, on which they produced 
parabolic traces which could be developed and fixed. 
Each parabola was wholly caused by particles of 
identical mass. By measuring up the parabolas 
the relative atomic weights of the individual positive 
particles could be determined with an accuracy of 
about 1 per cent. When the apparatus was charged 
with ordinary gases nothing abnormal was found. 
On introducing neon, however, two traces were 
obtained, one corresponding to an atomic weight of 
20 and the other to one of 22, the value as deter- 





mined by ordinary methods being 20-2. This 
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experiment was made at about the same time as 
Soddy announced the isotopes of lead, and it 
appeared accordingly that neon was a mixture of 
isotopes. It was not realised at the time, however, 
how closely identical in properties such isotopes 
were, and in ignorance of this, the speaker had 
tried to separate the two constituents of neon by 
fractional distillation from the gas liquefied in 
cooled charcoal. Some 3,000 such distillations 
were made, but on testing the ultimate products 
with a quartz micro-balance no difference in density 
was to be observed. Another method he had used 
was based on the fact that the rate of diffusion of a 
gas through a porous body like pipe-clay depended 
upon the molecular weight. In this way he did 
succeed in proving that ordinary neon was a 
mixture of isotopes. The war then interrupted 
the research, and when it was resumed it was 
realised that this diffusion process was not very 
convincing, as the differences found might conceiv- 
ably be due to contamination of the gas. 

He accordingly resorted to the positive ray 
method, and by rearranging the electric and mag- 
netic fields had succeeded in devising an accurate 
“* mass spectroscope.” Its essential parts were repre- 
sented in Fig. 1. The positive rays passed as a thin 
flat beam through the two slits S, and S,. Then 
they proceeded between the oppositely electrified 
plates P, and P,, and finally through a magnetic 
field represented by the circle round O. In 
this case the magnetic field was arranged so as 
to deflect the particles in exactly the opposite 
direction to the electric field. With this arrange- 
ment all particles of the same mass, whatever 
their relative velocities, were brought to a focus 
on a photographic plate at F. On developing this, 
spots corresponding to all the different gases in 
the tube were found, and their relative positions 
gave the atomic weight correctly within about 1 
part in 1,000. 

With this arrangement it was immediately 
evident that neon was a mixture of isotopes of 
atomic weights 20 and 22, the former constituting 
about nine-tenths of the mixture. Chlorine was 
next examined, and proved to be a mixture of 
isotopes, having atomic weights of 35 and 37 
respectively. Krypton was found to consist of 
6 isotopes and Xenon had probably more. Argon 
had two, magnesium 3, calcium 2 and zinc 4, whilst 
mercury was also complex. 

Most metals had too low a vapour pressure for the 
positive ray method to be applicable, but these had 
been examined in another way by means of acceler- 
ated anode rays. The apparatus used was repre- 
sented in Fig. 2. The metal to be examined 
was mixed with graphite and secured at the end 
of the anode. On passing the discharge through 
the tube the anode was heated up and ions of 
the metal shot out. These passed through the 
cathode and were accelerated by a field of about 
30,000 volts before they impinged on a photographic 
plate. 

Certain difficulties were met with initially, the 
cathode being directly connected to earth. Good 
beams of the anode rays could only be obtained with 
a fairly high pressure in the discharge tube, and the 
potential was then too low for the proper working 
of the mass spectrograph. Moreover, the discharge 
was very unstable. Any increase of current meant 
a hotter anode, and this led to liberation of more 
gas and a still further increase in the current. 

The difficulty was got over by introducing the 
subsidiary cathode shown, which was connected, not 
to earth, but to the plate of a ‘“‘ kenetron ” electric 
valve. The filament of this was earthed, as was also 
the main cathode of the discharge tube. A total 
difference of 30,000 volts was maintained between 
the anode and this earthed cathode. The current 
through the apparatus was then equal to the 
saturation current of the kenetron, and remained 
constant, since, if the discharge tube got “ harder ” 
for any reason, the potential between the subsidiary 
cathode and the anode would increase. The result 
would be that the cathode rays striking the anode, 
having more energy, raised its temperature. This, 
in its turn, caused the release of more gas and thus 
softened the tube. Similarly, if the tube tended 
to get too soft the potential between the subsidiary 
cathode and the anode was reduced. The cathode 
rays had then less energy and the temperature of 
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the anode fell. Less gas was then released and the 
tube got harder. 

With this modification strong anode rays were 
obtained of many metals in spite of their high 
melting points. These were then analysed by 
the mass spectroscope. In this way iron had been 
proved to be a mixture of isotopes having atomic 
weights of 54 and 56 respectively, which were 
present in the ratio of 20 to 1, the heavier atom 
predominating. In all, some 50 of the 82 known 
elements had now been investigated, and in all 
cases the atomic weights turned out to be very 
nearly integers on the oxygen scale. There were 
some slight deviations, but nothing comparable 
to those found by chemical methods. 

The results of these investigations had shown 
clearly why chemists had put certain elements in 
their wrong order when classifying them by their 
atomic weights. Thus potassium should succeed 
argon in the chemical series, but the chemists 
found it to have a lower atomic weight. The 
mass spectroscope had shown, however, that both 
elements were mixtures. The isotopes of argon 
were 36 and 40, but the gas was nearly all 40. 


Fig.1. DIAGRAM OF MASS- SPECTROGRAPH. 











Y 
WwW Kenotron Gms. 
(8560.8) 


Those of potassium were 39 and 41, but the lighter 
isotope predominated, thus making the apparent 
atomic weight less than that of argon. 

From the physical standpoint, atomic weights had 
little significance. What was important was the 
atomic number, which was equal to the net positive 
charge on the nucleus of the atom. The nucleus 
contained, in addition to positive electricity, about 
half the electrons in an atom, the remainder re- 
volved round the nucleus at relatively enormous 
distances therefrom. 

Isotopes arose when the net positive charge in 
the nucleus was the same for two atoms, but the 
total positive charge was different. We had thus 
two varieties of lithium with atomic weights of 6 
and 7 respectively. In the one case the nucleus 
contained six positive changes or protons and three 
nuclear electrons. In the other variety there 
were seven protons in the nucleus and four elec- 
trons. In the neutral atom there was in each case 
three electrons external to the nucleus, of which 
two were tightly bound to the nucleus, whilst 
the other was a valency electron and relatively 
free. So far as these outer electrons “‘ knew,” they 
were revolving round identical nuclei, and as the 
chemical and physical properties of an element 
depended on these external electrons, the two vari- 
eties of lithium were indistinguishable chemically 
and all but indistinguishable spectroscopically, 
but slight shifts in the position of certain lines had 
been detected in some isotopes. 

When the atomic weight of hydrogen was measured 
by the mass spectroscope it proved to be 1-008, 
and was thus not a whole number. Similar but 
much smaller divergencies had been detected in other 
cases, and were due to the fact that the mass of 





the nucleus depended upon*how the protons and 
nuclear electrons were packed together. With 
hydrogen there were no electrons in the nucleus 
and hence no packing. Helium had an atomic 
weight of 4, and its nucleus contained four protons 
and two electrons closely packed together. Theory 
showed that such close packing must involve a 
loss of mass, and this was why the atomic weight 
of helium was 4 instead of 4-032. Tin had eight 
isotopes, all slightly less than whole numbers. The 
lithium isotopes were, on the other hand, slightly 
greater than whole numbers. Those of iron 
like those of tin, were slightly smaller. These 
divergencies were of great interest, as they indicated 
the possibility of tapping supplies of atomic energy. 
The energy due to a loss of mass consequent on the 
close packing of protons and electrons in an atomic 
nucleus was equal to the mass lost multiplied by the 
square of the velocity of light. This energy was 
so enormous that if one-tenth of the hydrogen in 
the sun was converted into helium, the energy 
liberated would be capable of maintaining the 
present radiation for 1,000 million years. It 
was probable that this process of the conversion of 
hydrogen into helium was going on in the stars. 
Again, if the hydrogen in a tumbler of water could 
be converted into helium the energy set free would 
suffice for a round trip of the Mauretania. 





DOUBLE-ACTING MARINE DIESEL 
ENGINES 


In our issue of May 30 (page 707 ante) we gave a 
description of the single-cylinder experimental 
double-acting marine Diesel engine now running at 
the Wallsend works of the North Eastern Marine 
Engineering Company, and built by them in colla- 
boration with Messrs. Werkspoor of Amsterdam. 

Results of trials carried out with this engine can 
now be given, and the following is a table indicating 
the principal readings taken on three separate days, 
approximately at the beginning, middle and end of 
the twenty days’ full power trial, which was referred 
to in our previous article. These readings were 
taken by Engineer-Commander C. J. Hawkes, R.N., 
Professor of Engineering, and his staff at the Arm- 
strong College, Newcastle-on-Tyne. 


TaELE I.—Results taken during 20 Days Full Power Trial, 

















May 10, May 16, May 22, 
Date. 1924, 1924, 1924. 
Duration iS Sa ..| 4 hours 4 hours 4 hours 
Revolutions per minute 93-7 93-4 . 
Internal horse-power 730 730 725 
Brake horse-power .. Re 585 592 598 
Mechanical efficiency per 
cent. Pe x ok 80 81 83 
Oil per brake horse-power 
hour e He ..| 0°428 Ib. | 0-423 Ib. | 0-424 Ib. 








The fuel consumed throughout the trials was 
Diesel oil of three different qualities, and was supplied 
direct to the engine, without the interposition of any 
special heating coils or any separating means. The 
fuel was used exactly’ as delivered by the oil com- 
panies. The qualities of the three different grades 
of fuel oil are given in Table II. 


TaBie II.—Qualities of Fuel Oil Used. 





B. 








_— | A. 








Specific gravity at 

60 deg. F. .. ee 0-8819 0-8710 0-8881 
Redwood viscosity at ‘ 

100 deg. F. ..| 47-8 sec. 36-0 sec. 64-6 sec 
Flash point .. ..| 193 deg. F 185 deg. ¥. | 184 deg. F 
Ash .. a oa 0-017% 0-0016% 0-0092 °% 
Water.. a Re Under Under 0°50% 

0-05% 0-05% 

Hard asphaltum yn 3-30% nil 0-815% 
Calorific value, gross 19-364 19-420 19-278 
net .. ee ov _ 18-160 — 
Sulphur ee me 1-42% 0-27% 1-18% 
Carbon --| 86°57% 87-16% 86-31% 
Hydrogen .-| 11-96% 12-62% 11-71% 
Nitrogen - nap 0°15% 0-16% 0-16% 
Oxygen és ae nil nil 0-13% 














It will be noted from Table I that, on each suc- 
cessive trial, the brake horse-power was slightly 
increased, and that the mechanical efficiency due 
to the running of the engine was also steadily 
improved. This is as would be expected. In 





respect of the fuel oil consumption per brake horse- 


power per hour of from 0-423 Ib. to 0-428 Ib. with 
oil of a gross calorific value, varying from 19,250 
to 19,364 B.Th.U., it may be stated that there is 
little doubt that these figures with further trials 
and the resulting modifications in the fuel feeding and 
atomising means, will be substantially improved 
upon. 

Unquestionably, with any new type of prime 
mover, the results of tests are not the only indica- 
tions that are necessary in order to forecast per- 
formance in actual practical operation at sea, and to 
this end the North Eastern Marine Engineering 
Company have adopted a very laudable innovation 
in opening up the engines immediately after the 
trials, and inviting representatives of the Board of 
Trade, classification societies and shipowners to 
witness the opening up and to inspect the various 
parts. In this way, not only can the methods of 
lubrication, but the suitability of the materials and 
the bearing areas and pressure may be ascertained 
and approved. 

Further- to the report which was given in our 
previous article on the condition of the engine as 
opened up, it can now be stated that subsequent 
inspection of the various details of the engine has 
not revealed any weakness. Careful gauging of the 
various parts and making comparisons of the results 
with the design figures show that the wear is negli- 
gible. In particular, the piston rings and piston-rod 
packing were found to be entirely free in their 
grooves and in a properly lubricated condition. 
Further tests on the engine are now proceeding, and 
we hope in the near future to be able to report 
on the results obtained in respect of fuel con- 
sumption, efficiency, and general performance. 








THE LATE LORD PIRRIE. 


Tue death of Lord Pirrie, which occured at sea 
on Friday last, June 6, terminates a career associated 
to a greater degree than that of any other man with 
the shipping and shipbuilding industries. Not only 
in shipping circles, but even among the general 
public who know little of things of the sea, the names 
of Harland & Wolff and of the White Star Line 
hold an honourable position in connection with the 
| development of our mercantile marine, and behind 
the policy and enterprise of these two great com- 
panies there has been for many years the master- 
mind of Lord Pirrie. The direction of such concerns 
did not, however, absorb by any means the whole 
of his wonderful energies. His interests in shipping 
were extremely wide, and extended to every ocean. 
He was chairman of the African Steamship Com- 
pany, and a director of the White Star Line and of 
Frederick Leyland and Co., when in 1910 in con- 
junction with Sir Owen Philips he bought the vast 
shipping business of Elder Dempster and Co., 
controlled by the late Sir Alfred Jones. This com- 
prised the British and African Steam Navigation 
Company, Elder Dempster Shipping, Limited, The 
African Steamship Company, The Imperial Direct 
West India Mail Service Company and the Com- 
pagnie Belge Maritime du Congo. He was further 
interested in the Pacific Steam Navigation Company, 
Lamport and Holt, the Royal Mail Steam Packet 
Company, The Union Castle Line and other shipping 
companies. In banking, railways and oil-production 
his sound judgment and acute business ability 


found further scope, but he will be remembered 


principally in his capacity as head of the great ship- 
building firm of Messrs. Harland and Wolff. 
William James Pirrie was born in Quebec on March 
31, 1847, of Ulster parentage and Scotch ancestry. 
His father died when he was very young, and as a lad 
of a year old, young Pirrie was brought back to 
Ulster by his mother and spent his early childhood 
at the old family home in County Down. He 
received his education at the Royal Belfast 
Academical Institution, where he showed great 
proficiency in mathematics, and, when 15 years 
old, was apprenticed to Messrs. Harland and Wollff,. 
who only four years previously had started in quite 
a small way on the mudbank of Queen’s Island, the 
shipyard which was destined to become one of the 
most famous establishments of its kind in the world: 
Harland was a Yorkshire man from Scarborough, 
stern and brusque, but with that grit and unrelenting 





tenacity often associated with his type. Wolff, on 
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the other hand, was genial and easy going, but 
possessed to the full of that instinct for business 
which seems inborn in the Jewish race, Both were 
exceptional men, and there can be no doubt that 
Pirrie’s association with them in the early days of 
their quickly growing works, and when he was at the 
most impressionable age, did something to develop 
the great potentialities of his own character. He 


gained too in these same receptive years a practical | 


understanding, not only of the actual work of a 
shipyard, but of the outlook of workmen and thus 
laid the foundations for 
his future success as the 
administrator of great 
shipbuilding undertakings. 
His college was the school 
of practical experience, 
where he learned more of 
men and things than can 
ever be set down in a book. 

From the date of his 
entry into the works Pirrie 
showed that tireless energy 
and devotion to work 
which characterised _ his 
entire life. Harland appre- 
ciated a youth of this type, 
and when Pirrie was only 
22 he was made chief 
draughtsman. His enter- 
prise in the projection of 
ever advancing types of 
naval architecture and his 
success in designing them 
resulted in the very rapid 
development of the busi- 
ness. In 1869 the firm 
received what was then 
thought an extraordinary 
order from the recently- 
established Oceanic Steam- 
ship Company for six new 
vessels, the nucleus of the 
famous fleet which is now 
known all over the world. 
Five years later, in 1874, 
when Pirrie was only 27 
years of age, the part he 
was playing in advancing 
the fortunes of the firm 
was handsomely acknow- 
ledged by his admission as 
a junior partner. The 
vreater the scope given to 
his enterprise, the more 
strikingly did his abilities 
demonstrate themselves. 
In 1877 he designed Har- 
land and Wolff’s new 
engine works without the 
aid of an architect. He 
was pre-eminently a man 
of vision and courage, with 
the energy and capacity 
to make his dreams come 
true. Besides these quali- 
ties, he possessed the gift 
of discerning ability in 
others, and could thus 
surround himself with col- 
leagues and subordinates 
fitted to assist him in his 
work. Furthermore, and 
most important of all, he 
was a man of recognised 
integrity, who could b> 
relied on to carry out @ 
written or verbal contract in the spirit as well as in 
the letter. The confidence reposed in him was amply 
shown by the practice of many shipping companies 
other than the White Star Line, of placing orders with 
Messrs. Harland and Wolff on commission terms 
without a formal contract, the understanding being 
that the best ship should be constructed for a given 
purpose as economically as was consistent with good 
design, workmanship and materials. He appreciated 
the value of a sixpence as keenly as any of his thrifty 


their money which he himself would have expected. 
The growth of the firm of Harland and Wolff is 


|one of the best tributes which could be paid to 
| Pirrie’s life work. When he joined the firm as 
'a boy it employed one hundred men, and under 
his direction it grew to one of the largest establish- 
ments of its kind in the world, giving employment 
'to many thousands and many a time holding the 
record for a year’s output of shipping. That such 
a position could have been achieved by a firm 
having to import the whole of its coal and steel | 
from Great Britain is a tribute to the man who} 
was so closely identified with its prosperity. Most | 
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of the White Star vessels were built at Belfast, | 
which became famous for bigger and bigger ships. | 
The first Oceanic, in 1871, was of about 3,500 tons, | 
the Britannic followed in 1874, and the Teutonic and | 
Majestic in 1889. The second Oceanic, in 1899, of | 
17,000 tons, was the largest vessel of that century. | 


| Before the keel was laid 20,0007. was spent in the | 


Cedric in 1903 and the Baitic in 1904, both of over 
23,000 tons. All these ships were the largest or 
among the largest of their time. Later came the 
Adriatic, then the Olympic and the ill-fated Titanic, 
which came to such a tragic end on her maiden 
voyage across the Atlantic in 1912, with the loss of 
over 1,200 souls. - The sister ships Olympic and 
Titanic were in their day the largest in the world, 
being 882 ft. long overall, with a displacement of 
60,000 tons and a speed of 21 knots. 

Lord Pirrie, in spite of his immense business 
interests found time to 
take a fairly active part in 
public life. He was Lord 
Mayor of Belfast for two 
years 1896 and 1897, but 
declined the offer of elec- 
tion for a third term in 
order to devote himself 
more fully to the construc- 
tion of the Oceanic. He 
was High Sheriff of County 
Antrim in 1898, and of 
County Down the follow- 
ing year. He was elected 
a member of the Privy 
Council in 1897 for Ireland 
and in 1918 for Great 
Britain. He was also at 
various times Pro-Chan- 
cellor of Queen’s Univer- 
sity, Comptroller of the 
Household of the Lord 
Lieutenant of Ireland, a 
member of the Road 
Board and a member of 
the Committee on Irish 
Finance. In 1911 he was 
made Lord Lieutenant of 
the County and City of 
Belfast. He was created 
a Baron in 1906 and re- 
ceived a Viscountcy in 
1921. He never stood for 
Parliament. His great 
abilities and power of 
organisation were made 
use of by the Government 
in the latter part of the 
War, when he was given a 
task for which he was 
eminently adapted. As 
will be remembered, in the 
earlier stages of the War 
merchant shipbuilding was 
brought practically to a 
standstill by the demand 
for men in the naval yards 
and in the fighting services. 
The intensive submarine 
campaign of the Germans 
brought about a serious 
depletion of merchant 
vessels and to Lord Pirrie 
was assigned the task of 
dealing with the situation. 

He was appointed Con- 
troller of merchant ship- 
ping and going to the 
Admiralty without any 
staff, was largely respon- 
sible for the programme of 
standard ship construction 
and the speedy repair of 
torpedoed vessels which 

‘ was so valuable. The 
standard ships were built 
in British yards under his authority and active 
management, and were subsequently sold by the 
Government to the Shipping industry. 

Space does not permit us to attempt anything 
but an outline of Lord Pirrie’s activities, but we have 
endeavoured to indicate in some measure the 
character of the man. His enterprise was not 


preparation of the slip and the construction of an | lessened by years, nor apparently was his capacity 
‘overhead travelling gantry 100 ft. high to traverse | for strenuous work. He retained to the full that 
| the full length of the ways and so facilitate construc- | interest in new ideas and readiness to accept any 
race, and saw that his customers got the return for tion. All the important riveting of this ship was | that appeared promising, which marked his younget 
| performed hydraulically. |The Celtic, of 20,000 tons, | days. The application of oil fuel to steamers, and 


| was launched in 1902, and she was followed by the | 


later the development of the motorship found in him 
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an active supporter. The practical knowledge which 


he had of the arts of shipbuilding and engineer- 
ing were of immense assistance to him, and he made 
it his business to supplement this knowledge by a 
personal study of the conditions under which ships 
were operated. He travelled across every ocean in 
the world to acquaint himself with the requirements 
of ocean travel and the features which are conducive 
to the comfort of the passenger. This knowledge he 
put to good use in the products of his yards. On 
his journeys he was almost always accompanied by 
Lady Pirrie to whose helpful companionship he 
attributed much of his success in life. She was with 
him on his last journey. He had been abroad for 
two or three months on business connected with the 
Royal Mail Steamship Company, and was on the 
way from Buenos Ayres to New York en route 
for England when he succumbed to pneumonia. 
He leaves no heir to the title, which therefore 
becomes extinct, except in so far as it lives in 
memory as that of a great industrial leader. 
6 








THE LATE MAJOR-GENERAL SIR G. K. 
SCOTT-MONCRIEFF. 


A LARGE circle of engineers and in the Services 
will regret to hear of the sudden death while 
travelling in Poland, of Major-General Sir George 
Kenneth Scott-Moncrieff, on June 4. General Scott- 
Moncrieff has been a prominent figure for many 
years and has been well known to the civil engineer- 
ing profession although his reputation was made in 
in the Corps of Royal Engineers. Born in 1855, he 
had a narrow escape in the Indian Mutiny, when 
his mother managed to rescue her children from 
Puralia. His father died when George was ten 
years old, and, being left free to choose a career, 
was allowed to enter the Royal Military Academy, 
Woolwich. He was gazetted to the Royal Engi- 
neers in 1873. 

Five years later he was appointed assistant 
engineer in the Indian Public Works Department, 
subsequently being present at the taking of Ali 
Musjid and being mentioned in dispatches. In 
1893, after some years of service at Home, he was 
appointed an instructor at the School of Military 
Engineering ; this position he held till 1898 when he 
saw further service in India, after which he was ap- 
pointed C.R.E. to the China Expeditionary Force. 
For the latter services he received the C.I.E. He 
was secretary to the Chief Commissioner of the North- 
West Frontier Province subsequently, and served in 
the Waziristan Campaign. In 1904 he returned to 
England as Assistant Director of Fortifications and 
Works, and in 1909 became Chief Engineer at 
Aldershot. In 1911 he was made Director of 
Fortifications and Works at the War Office and 
held this important position when the war broke 
out and his department was suddenly called 
upon to establish training camps all over the 
country. 

In this work Sir George was early to recognise the 
valuable assistance which might be rendered by 
civil engineers, and these were largely employed 
under his direction. He retired from active duty 
in 1918. He was made a K.C.B. in 1915, and 
K.C.M.G. in 1918. His relations with the civilian 
side of the profession were always cordial, this fact 
being recognised by his election as an Honorary 
Member. of the Institution of Civil Engineers in 
1917. He was largely responsible for the rapid re- 
establishment of Kingston, Jamaica, after the 
earthquake and fire of 1907, and his advice was 
also sought in connection with the rebuilding of 
Halifax, N.S., after the explosion of 1917. On 
retiring he became a director of the firm of Messrs. 
Macdonald, Gibbs & Co. 

Sir George was very popular in the Corps of 
which he was so distinguished a member; con- 
tributed frequently to the Journal, and was the 
author of several books. Among these was a work 
on the “ Principles of Structural Design,” published 
in two volumes by the Royal Engineer Institute, 
Chatham. This dealt with structures of types 
which particularly concerned military engineers, 
and as precedents can seldom be exactly followed, 
in it Sir George laid proper stress on the thorough 
appreciation of the principles themselves. 


SCIENCE AT THE BRITISH EMPIRE 
EXHIBITION—IV. 


An important exhibit by the National Physical 
Laboratory, the principal items of which are demon- 
strated daily, illustrates the work of the gauge- 
testing section of its Metrology Department. The 
Laboratory’s original function was to measure, and 
in the same way as in this country there is only 
one standard yard, it is unlikely and indeed un- 
desirable that there should be more than one final 
authority on the conformity of a measurable object 
with that standard. It is therefore peculiarly 
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appropriate to an occasion such as this Exhibition 
that a national institution which undertakes to 
control the conformity of objects with standards 
should give an account of the methods it uses 
and the degree of accuracy at its command. The 
account here given is confined to the measurement 
of lineal distances, with some angular measurements 
that can be inferred from them. In modern work- 
shop practice such measurements may have to be 
made with considerable accuracy, say up to 0-0001 
in. If measurements of such accuracy are to be 
made in the shop, the gauges to which the work is 
made must evidently be of a higher order of 
accuracy, and to be sure of such gauges a still higher 
order of accuracy is needed in the laboratory where 
they are tested. Thus the complete range of 
accuracy that is required for the needs of practice 


Laboratory’s exhibit is a collection of typical ex- 
amples, drawn largely from designs elaborated in the 
course of its own work, which show how these orders 
of accuracy are applied and have been attained. 
Perhaps the most striking result of the progress 
that has been made since Watt congratulated his 
partner and himself on having got a piston true 
to } in., is the general recognition of the fact that, 
accidents apart, a truly accurate dimension is a 
merely geometrical conception. Either expressly or 
by implication, accurate work is defined by limits of 
error, and the colossal mass production of accurate 
work during the war would have been hopelessly 
impossible without such candid and explicit defini- 
tions. While, therefore, the present exhibit has 
no need to labour the advantage of their use, it 
begins with typical examples of limit gauges used 
to check precision work, such as aeroplane engine 
parts, in respect of diameters, screw threads and 
tapers. From this it proceeds to show typical 
methods of testing gauges for these and other 
purposes; for example, for length, diameter, 
internal and external taper, position and angles of 
pins and holes, distance between jaws of such 
gauges, angle and vee grooves and their distance 
apart, and profile. To make such tests with a 
desired degree of accuracy it is obvious that, at 
some stage, reference must be made, or have been 
made, to the fundamental standard of length, and 
a number of methods are illustrated by which a 
length or an angle is expressed in terms of objects 
with dimensions known to be correct within assigned 
limits. In the arrangement shown in Fig. 27, for 
instance, a taper plug is placed on a surface plate 
between successive pairs of roller gauges of known 
diameters. In Fig. 28 steel balls of known dia- 
meters are placed successively in a taper ring 
gauge, and their distances h from the upper face 
of the ring are measured with a depth micrometer. 
In Fig. 29 a gauge of large radius at a measured 
distance B from a surface plate, rests against two 
roller gauges of known diameter and at a known 
distance apart; from a series of such measure- 
ments its curvature can be checked accurately 
at every point. The angle between inclined faces 
of a gauge may be measured directly to a minute 
of arc by using a clinometer elaborated at the 
Laboratory, taking readings on the engraved 
circumferential scale and vernier of the instrument 
after it has been set successively on its two inclined 
faces and levelled with a precision bubble ; but, alter- 
natively, an angle may be set out or measured by the 
simple method shown in Fig. 30, or by using the 
sine bar (Fig. 31), in which the pins are set at equal 
distances from the edge of the bar and spaced 
accurately at 5 in. centres, so that the bar can be 
set at an angle of x deg. by raising one pin 5 sin x 
inches above the other with block gauges as shown. 
In these and other examples, the accuracy with 
which the desired angles or dimensions can be 
calculated. varies.directly with the accuracy of the 
gauge lengths and trigonometrical tables used, and 
for practical purposes is thus limited only by the 
accuracy of the gauge lengths. A well known and 
remarkable example of accurate work to be obtained 
in commercial practice are the Hoffmann roller 
gauges, which up to the sizes in which they are 
made—; in. to 1}in.—are guaranteed correct 
both in length and diameter to within + 0-0001 in: ; 
a set of these is shown. A still more remarkable 
and important product are block gauges, introduced 
originally by Johannson, but by the use of a method 
of manufacture worked out in the Laboratory now 
manufactured by the Pitter Gauge and Precision 
Tool Company, Limited, who have lent a set of 
them to the Laboratory exhibit, in addition to a 
collection shown in the Government Pavilion with 
the Royal Society’s exhibits. 
The method is in effect an extension, covered by 
a patent which the Laboratory has sold, of the old 
principle on which surface plates are made flat, 
which Whitworth introduced to such remarkable 
effect. The blocks are made eight at a time in 
sets of equal thickness or length. After grinding 
to a definite oversize, the blanks are placed on an 
oblong plate or chuck having eight coplanar slabs 
or facets, each of the same area as the intended 
blocks and arranged in pairs at the corners of the 
chuck. They are then lapped on a truly flat lapping 








may extend from 0-0001 to 0-000001 in. ; and the 


plate on both faces, which are left accordingly 





774 


ENGINEERING. 


[JUNE 13, 1924. 








flat and co-planar, but not necessarily parallel. If, 
for instance, the chuck surface is inclined slightly 
upwards in both directions from the top left-hand 
corners, the thickness of the blocks will increase 
continuously with the distance from the top left- 
hand corner. The blocks are then so interchanged 
and turned about that the mean thickness of each 
adjoining pair is the same, instead of growing 
continuously greater with the distance from the 
corner; and by lapping again in this position 
the excess thickness is reduced and the surfaces 
of the blocks made more nearly parallel. This 
process is repeated until the desired degree of 
accuracy is obtained, the result, in the limit, being 
that the blocks are of equal thickness and have 
truly parallel surfaces. Blocks so made can be 
“wrung ” on to each other, and produce a combined 











Fig 32. 



























































Fie, 33. 


length that exceeds the sum of the constituent, 
lengths only by the thickness of the film of lubricant 
used in wringing, which is from one to four millionths | 
of an inch, according to the lubricant. 
In this way the use of these block or slip gauges | 
has enabled the order of accuracy required for | 
test gauges—0-00001 in.—to be obtained in all | 
lengths from 0-3 to 36 in. by steps of 0-00001 in. 
by means of the series of 65 blocks or bars that are | 
shown in Messrs. Pitter’s exhibit in the Royal | 
Society’s collection. For gauges up to 4 in. from | 
0-01 in., this accuracy can be obtained by the} 


a thousandth (the thickness of a cigarette paper), 
a ten-thousandth, and three hundred-thousandth of 
aninch. By illuminating the surfaces suitably slits 
of light can be seen clearly through the three gaps 
by which the straight edge is separated from these 
blocks. Here, then, the naked eye can see a 
gap of less than a third of a ten-thousandth of 
aninch. In Fig. 33 a device is shown by which the 
effect of an even smaller difference can be perceived 
no less clearly. A ball has nearly, but not quite, 
all its weight balanced off, and the anvils of a 
horse-shoe gauge are so adjusted that under the 
constant pressure of the unbalanced weight the ball 
can just pass the gauge. A hand is rested for a 
few moments on the upper surface of the gauge, and 
it is then found that the ball will not pass, the 
expansion of the metal on the outside of the gauge 


1g. 34 
Wt 
= 


Oe 


Z, 
Ld 
WAV LLL 


Mill," th, eS). 
NY 


\ i] WSN 


BS 


_<\ 
S\N 


ai 





The mechanical multiplication is done by a wheel 
D attached rigidly to the micrometer screw and 
so geared to the wheel C that C turns through 
yo th of a revolution for each revolution of D. Scales 
are engraved round the circumferences of each of 
these wheels, with 100 divisions on C and twice 
100 and two zeros on D (as indicated at H). Each 
of these divisions is read off against a line extending 
across an intermediate wheel, and the entire mea- 
surement can thus be read directly off these two 
wheels ; a small division on D represents 0-0001 in. 
In this way the two first places are read off C and 
the last three off D, as indicated in Fig. 36, which 
shows a reading of 0:98848 in. A standard gauge 
of approximately the same size as the object under 
test is placed on the table between the anvils, and 
by the rotation of the micrometer head is caused to 
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method described ; above this size individual atten- | having closed the jaws by an amount that is known| force back a plunger behind the tailstock anvil 


tion has to be given to sizing each piece, but with 
special appliances this can be done without great 
difficulty to an accuracy of one part in a million. 
The exhibit thus shows up to this point the 
sequence in which accuracy of measurement of 
a high order is to be obtained directly and by simple 
means from the possessior of standard gauges of the 
necessary accuracy. The remainder exhibits a 





| independently to be of the order of 0:00001 of an| against the pressure of the adjusting head A, which 


inch. On being left to cool for a short time, the | is transmitted through a vertical lever pivoted on a 
ball again passes as freely as before. If the adjust-| rounded disc so as to allow the necessary slight 
ment of the anvils is then altered so that they| play. The extent to which the plunger is driven 
just hold the ball, and the hand is held on the | back, and, by inference, the tightness with which the 
under surface of the horse-shoe web, the expansion | gauge is held, is indicated on the optical system. 
of this part of the web forces the jaws apart, and; The object under test is then substituted for the 
the ball falls. | standard gauge, and the process repeated, the differ- 

A type of machine devised in the laboratory for | ence between the measurements of the two gauges 





variety of apparatus, by means of which measure- | 
ments having the same or a higher order of accuracy | making end measurements up to 2 in. to an accuracy 
may be obtained mechanically. | of 0-00001 in. is shown in Fig. 34. It consists 

It is introduced by two simple and suggestive | essentially of a headstock which multiplies mechani- 
devices, illustrating the sort of limits to which the | cally the motion of a micrometer screw B with 
unaided senses can appreciate fine differences of | 50 threads to the inch, a table with a vertical 
measurement. In one (Fig. 32) a bevelled straight | adjustment for holding the object to be measured 
edge is shown supported across two block-gauges , between flat parallel anvils, a tailstock which con- 
each 1 in. high, wrung down on to an accurate tains a head A for adjusting the pressure exerted 
surface plate ; and between these blocks are placed | by the left anvil, and a flat steel strip, which carries 
others respectively shorter than the end blocks by a mirror G for the purpose of optical magnification. 


being read off either on the optical system or on the 
| micrometer head as explained below. 

The optical system is shown in Fig. 37. It is 
operated by the movement of the steel strip 
carrying the mirror G, which, with the mirror, is 
tilted more or less according to the extent to which 
the plunger behind the tail stock anvil is driven back. 
An image of the straight filament in the glow lamp 
K is focussed by the lens L on to G and thence 1s 
| reflected on to the mirror M and scale N, on which 
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0-0001 in. is represented by about 0-3 in. In any} in both measurements with the same reading of | axial movement per division, so enabling the pitch 
reading the position of this image on the scale N is de- | the micrometer head, the image is set on the scale | and the effective diameter of a ring gauge to be 
termined by the extent to which the backward motion | to the same fiducial graduation for each measure-| measured. Another, by Mr. W. W. Taylor, is 
of the tailstock anvil plunger has bent the strip | ment, and the difference in measurements is obtained | shown in Figs. 38 and 39. Its thread split is axially, 
that carries the mirror G. When this is so nearly from the difference between the readings on the | cut away at the sides, and pivoted about a pin B 


the same with each gauge that for the same reading | micrometer head. 
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Fie. 45. 


of the micrometer head the image falls on the scale | A variety of other devices are shown for internal | 


with each of the two gauges between the anvils, | measurements and for measuring the diameters and 
the micrometer head is set to that reading while | pitch of screws. One of these, less generally known 
the gauges are being measured successively, and the | than some, is a patent form of plug gauge, designed 
difference between the lengths is obtained from| by Mr. T. Browett, with its screw made in sections, 
the difference between the readings on the optical! capable of a small relative motion imparted by a 
scale. When the difference to be measured is so | differential micrometer screw, and expressed on a 
large that the image cannot be kept on the scale’ scale round the head of the gauge as 0-0002 in. of 


under the action of a “C” spring A. The thread is 

cleared at the crests and roots, and the position at 
which it engages with the female screw of which 
| the effective diameter is to be measured is expressed 
by the resting position of the sliding collar D, read 
off on the scale C. from which the effective 
diameter is calculated. An example is shown of 
an apparatus for projecting the profile of threads, 
and appliances used therewith. 

A second end-measuring machine reading to the 
same accuracy as the one described above, but able 
to deal with gauges of all sizes up to 12 in, 
is shown in section in Figs. 40 and 41, and its 
optical system in Figs. 42 to 44. As with the smaller 
machine, the line of measurement lies accurately 
along the axis of the micrometer screw H, 
which in this machine has 20 threads to the inch 
and is provided with the usual form of corrector 
bar in the headstock (Fig. 40). The barrel of the 
tailstock (Fig. 41) is mounted on transverse flexible 
steel strips D, and can move horizontally between 
adjustable stops C under the pressure of a spiral 
spring adjustable to various tensions by the head B. 

By a simple arrangement, this machine allows 
millimetres and inches to be read on adjacent 
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scales with equal accuracy. In the micrometer 
headstock (Fig. 40) a gear wheel.C with 140 
teeth attached to the hand-wheel and to a 
circumferential scale A drives another wheel D 
with 112 teeth and another, E, with 127 teeth 
on the same spindle, which drives a _ gear 
wheel F with 125 teeth attached to a second cir- 
cumferential scale B. The micrometer screw has 
a pitch of 0-05 in., which, taking 1 in. = 25-4 mm. 
| (which is correct within one part in a million),. is 
1-27 mm.; and as the ratio of the gear system 
oo 
112 125 
| of B represents | mm. A and B are each divided 
into 500 divisions, which, therefore, represent 
respectively 0-0001 in. and 0-002 mm. A vernier 
carries the reading on A to 0-00001 in. To 
avoid possible errors due to the gearing, the fourth 
decimal place in the millimetres is read on a second 
scale of 635 divisions engraved on the inner edge of 
A, each division representing 0-002 mm., by means 
of a second vernier engraved on the central fixed 
wheel. The anvils are provided with screws 
(K, Fig. 40, E, Fig. 41) for adjusting the parallelism 
of the contact faces. 

At the further end of the tailstock a tilting lens- 
mirror A (Fig. 41), is provided, carried on horizontal 
steel springs and distanced along the axis of measure- 


) works out also at 1-27, a revolution 





ment by a small horizontal strut slightly below the 
level of the springs. An enlarged view of the lens 
and connected arrangements is shown at B (Fig. 43). 
The optical system consists of a lamp throwing the 
image of a wire at A (Fig. 42) on to the lens-mirror, 
whence it is reflected on to a fixed mirror C, and 
again reflected and focussed on to a scale D, 
serving as an indicator as with the small machine. 
The magnification of the system is controlled 





mechanically by the distance c (Fig. 43) between the 
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horizontal line along which the small strut ex- sum of 7s. per week (part of the 10s. ) be restored to | dates above mentioned ; that is to say, such sum to be 


tends and the level of the steel springs, and the 
optical magnification by the length (a + 6) of the 
path of the ray reflected from the lens-mirror. In 
the instrument shown about 0-3 in. on the scale 
represents 0-0001 in. 

Fig. 45 shows a travelling microscope, exhibited by 
the Laboratory with the Royal Society’s collection. 
This can be used for measuring distances up to 
6 in. with one microscope or 12 in. with two at one 
setting, or may be used as a comparator for cali- 
brating the intervals of a subdivided line measure. 
As with the other machines, the line of measure- 
ment continues the axis of the micrometer screw, 
to avoid errors through lack of truth of the guiding 
ways on the bed. The machine is also provided 
with a corrector bar, and is geared to read inches 
and millimetres in the same way as the 12-in. 
machine. 

Photographs are also on view of the machine for 
testing all types of gears up to 16 in., which was 
described fully in ENGINEERING for July 27, 1923. 
Only one of the machines has yet been made, and 
it is required so constantly for use in the laboratory 
that it has not been possible to spare it for exhibition. 





INDUSTRIAL NOTES. 


‘THE unauthorised strike on the London Underground 
Railways, announced in our last issue, has continued 
during the week. Many of the traffic men, however, 
have gradually returned to work, and the situation was 
showing some signs of improving when the Electrical 
Trades Union introduced a complication last Tuesday. 
Members of this union employed in the railway work- 
shops decided to strike to enforce a claim for a 12s. 
per week increase in wages, and a paid holiday of one 
week per year. At the time of going to press rumours 
were current to the effect that there was also the 
possibility of a strike of the men in the power stations, 
who are members of the same union. Onan emergency 
there should be no difficulty in obtaining volunteers to 
do the work of the electric railway shopmen; any 
number of volunteers could, eventually, also be 
obtained to run the power stations. 

Lord Ashfield issued on Wednesday, on behalf of 
the Underground Railway Companies, the following 
notice :—** We think it right that we should warn those 
who are on strike that unless they report for their 
regular turn of duty not later than Friday next 
(to-day) it will be assumed that they have left our 
service and steps will be taken against them for taking 
this action without proper notice.’ The Great 
Western Railway have taken similar action. Mr. 
Cramp, general secretary of the National Union of 
Railwaymen, has consistently declined to make, any 
terms with the strikers. 





The members of the Associated Society of Locomotive 
Engineers and Firemen have raised various points 
which, it was believed, had been agreed upon in the 
recent strike settlement of January last. The points 
concerning which the men have now asked for a rapid 
decision are “abolishment of classification with its 
anomalies and reinstatement of the guaranteed day on 
Sunday.” Objection is made that under “ classifica- 
tion a man may be removed to any part of the country. 
A man, also, who has spent all his years in endeavouring 
to rise to the position of a full-rated driver, can now, it 
is objected, be held back and prevented from reaching 
his full rate of pay. The railway managers have 
replied that both these subjects were fully considered 
by the National Wages Board, in which the Society 
was represented, and that the arrangements it has 
now decided to alter formed part of the unanimous 
decision of that Board. They add that concessions 
have been made by the companies to ameliorate 
certain hard cases, and in the matter of Sunday duty, 
the companies have made every endeavour to restrict 
the number of occasions on which enginemen are called 
out for duty on Sunday which does not secure to them 
a full day’s pay. A meeting has been arranged 
between the companies ard the union. 

Last Friday the Industrial Court issued its award on 
the late shipyard difficulty. The claim was for an 
increase of 10s. per week to time-workers, an equivalent 
increase to piece-workers, and a special increase of 
7s. 6d, per week to men on repair work in the Southamp- 
ton district, on the ground that there are special aspects 
differentiating repair work at Southampton. It was 
stated that craftsmen, including shipwrights, in ship- 
building were at present receiving 10s. per week less 
than craftsmen in the allied industry of engineering. 
The following is the award of the Court :— 

“It is adjudged that, in the case of those workers 
from whom the whole sum of 10s, was withdrawn, a 





time or day workers and pieceworkers in two instal- 
ments, the first instalment of 3s. per week to be paid 
as from the beginning of the first full pay following June 
14, 1924, and the second instalment of 4s, per week to 
be paid as from the beginning of the first full pay 
following September 20, 1924. In the case of those 
workers from whom the whole sum of 10s. per week 
was not withdrawn, the appropriate proportion to be 
restored on the date or dates above mentioned ; that 
is to say, such sum to be restored as will bring in each 
case the part of the 10s. which was retained up to 7s. 
per week.” 

In the matter of the Southampton men the Court's 
award reads :— 

“The Shipconstructors’ and Shipwrights’ Associa- 
tion claimed a special increase of 7s. 6d. a week in the 
repair rates in the Southampton district. Southamp- 
ton is a federated port, and the general rate for repair 
work in federated ports in England is an extra rate of 
3s. per week or 6d. per day. No extra rate is at present 
paid on repair work at Southampton. The main 
ground on which the claim for 7s. 6d. per week was 
based was that there are special aspects which differen- 
tiate repair work at Southampton from such work in 
other federated districts, and relate its pay more par- 
ticularly to certain non-federated repairing ports. 
Southampton taken as a whole is at the present time 
more akin to other federated ports than to London or 
Liverpool, and it is desirable that, as far as practicable, 
a uniform rate for repair work should prevail throughout 
the federated ports and, if any re-adjustment of the 
repair rate is desired, it is a matter that should be 
considered nationally rather than locally. It is 
therefore adjudged that an extra rate of 3s. per week or 
6d. per day be paid to men engaged on repair work in 
the same way as the same extra rate is paid for repair 
work in federated ports, the said extra rate to begin 
to be paid as on and from April 23, 1924.” 





A similar award was made by the same Court in the 
case of the Federation of Engineering and Shipbuilding 
Trades. There was also an application made to the 
Shipbuilding Employers’ Federation by the Amal- 
gamated Engineering Union, for an increase of 17s. 6d. 
per week in the Southampton district. The Court 
decided that an extra rate may now be paid, and that 
part of the war advance of 10s. which was last with- 
drawn should be restored. The Court’s award is as 
follows :— 

“It is adjudged that, in the case of those workers 
from whom the whole sum of 10s. was withdrawn, a 
sum of 7s. per week (part of the 10s.) be restored to 
the men concerned in two instalments, the first instal- 
ment of 3s. per week to be paid as from the beginning 
of the first full pay following June 14, 1924, and the 
second instalment of 4s. per week to be paid as from 
the beginning of the first full pay following September 
20, 1924. In the case of those workers from whom 
the whole sum of 10s. per week was not withdrawn, 
the appropriate proportion to be restored on the date or 
dates above mentioned, that is to say, such sum to be 
restored as will bring in each case the part of the 10s. 
which was retained up to 7s. per week. For example, 
when 8s. was withdrawn, 3s. shall be restored in June 
and 2s, in September. It is adjudged that an extra 
rate of 3s. per week, or 6d. per day, be paid to men 
engaged on repair work in the same way as the same 
extra rate is paid for repair work in federated ports, 
the said extra rate to begin to be paid as on and from 
April 23, 1924.” 





A third award by the Court covers the case of the 
Boilermakers’ Society, who claimed an advance of 
10s. per week to time-workers, with an equivalent 
advance to piece-workers employed in shipyards and 
repair establishments in the federated areas. The 
Society claimed that the 10s. per week, withdrawn from 
November, 1922, to January, 1923, should be restored, 
with an equivalent to piece-workers. The Court’s 
finding reads :— 

“The industry, in its present state, is unable to 
bear this additional burden in full, and to concede it 
would seem to have the effect of retarding, if not des- 
troying, the coming improvement, and of creating 
greater unemployment. A safer course appears to be 
to restore an instalment of the 10s. per week, which 
was withdrawn with modifications between November, 
1922, and January, 1923. It is therefore adjudged 
that in the case of those workers from whom the whole 
sum of 10s. was withdrawn, a sum of 7s. per week 
(part of the 10s.) be restored to time or day workers 
and piece workers in two instalments, the first instal- 
ment of 3s. per week to be paid as from the beginning of 
the first full pay following June 14, 1924, and the second 
instalment of 4s. per week to be paid as from the 
beginning of the first full pay following September 20, 
1924. In the case of those workers from whom the 
whole sum of 10s. per week was not withdrawn, the 
appropriate proportion to be restored on the date or 





restored as will bring in each case the part of the 10s. 
which was retained up to 7s. per week.” 





A statement has been issued to the effect that the 
National Maritime Board has agreed to restore rates 
of pay to the standard which existed before they were 
reduced in April, 1923. This does not apply to ordinary 
seamen. Half the increase is given now; the other 
half is to be given on September 5. Mr. F. C. Allen, 
who presided at the meeting of the board when this 
decision was arrived at, said that shipowners were not 
in a position to give more pay, but in granting the 
increase referred to they were “‘ offering hostages to 
fortune.” If matters did not improve within a reason- 
able time, they would be reluctantly obliged to ask 
for a withdrawal of the advance. They were unable 
to give any increase to ordinary seamen, their wages 
having gone up out of all proportion to the higher 
ratings. 





Mr. Herbert Smith, president of the Miners’ Federa- 
tion, has been appointed by Mr. Shinwell, M.P., 
Secretary for Mines, to be a member of the Board for 
Mining Examinations, in the place of the late Mr. 
Samuel Roebuck. 





The Industrial Court has issued its award with 
reference to the Boilermakers’ claims which gave rise 
to the strike and lock-out that came to a close last 
November. The points in dispute had reference to 
overtime and night-shift. In its award the Court 
states that on the question of the regulation of over- 
time it sees no reason to interfere with the arrangement 
entered into nationally. On the question of payment 
for overtime, it finds that in order to harmonise the 
special circumstances peculiar to members of the 
Boilermakers’ Society with the circumstances affecting 
other shipyard workers, the allowances to members 
on piece-work, for ordinary overtime shall be 33} 
per cent. instead of 25 per cent. provided in the agree- 
ment, and that the figures in the agreement for Sunday 
overtime and night-shift overtime shall be corres- 
pondingly increased. 








INsTITUTE OF BRITISH FouNDRYMEN.—'The members 
of the Lancashire branch of this institute, whose address 
is 21, Beresford-road, Stretford, Manchester, have been 
invited by the Sheepbridge Coal and Iron Company, 
Limited, to visit their works near Chesterfield, on 
Saturday, the 28th inst. 

LEATHER BELTING.—-An announcement is made to 
the effect. that the Federation of Leather Belting Manu- 
facturers of the United Kingdom, has compiled a 
standard specification, a copy of which can be obtained 
from the secretary, Mr. L. D. Kidson, 1, Booth-street, 
Manchester, or from any firm of belting manufacturers. 





Tue Sperry Gyro Pinot iv R.M.S. ‘ Laconia.” — 
On Saturday, May 24, the Cunard Steam Ship Company, 
Limited, entertained the members of the Liverpool 
Marine Superintendents’ Association on board the 
R.M.S. Laconia, and demonstrated the operation of 
the Sperry gyro pilot, which was used on the recent 
cruise of this vessel round the world. 

SPEcIAL STEELS—Erratum.—In our brief account of 
the discussion on Dr. Hatfield’s paper in Section C of 
the Empire Mining and Metallurgical Congress, at the 
bottom of the third column of page 741, a printers’ 
error has occurred. The phrase should read: “. . . 
the presence of non-metallic inclusions . . .” in- 
stead of “. . . the pressure ms 





New British Navat Construction.—We learn from 
@ blue book recently issued by the Admiralty, that the 
battleships Nelson and Rodney, now under construction 
by Messrs. Armstrong, Whitworth and Company, Limited, 
and Messrs. Cammell Laird and Company, Limited, 
respectively, will have a length of 702 ft. on the water 
line, an extreme breadth of 106 ft. and a draught of 30 ft., 
in each case, while the displacement will be the maximum 
allowed by the terms of the Washington Treaty, viz.. 
35,000 tons. Both ships, it will be remembered, form 

art of the 1922-23 programme and were laid down in 
Becesiber, 1922 ; their progress has, however, been 
considerably impeded by labour disputes. Practically 
the whole of the other Naval-construction work in 
hand, which includes 4 light cruisers, 2 flotilla 
leaders, 3 destroyers, 2 aircraft carriers, and 5 sub- 
marines, forms part of the War-Emergency Programme 
but, in addition, there are the cruisers Minelayer and 
Adventure, laid down at Devonport in November, 1922, 
and the submarine XI laid down at Chatham a year 
earlier. The X1, which was launched in June of last 
year, will have a surface displacement of 2,780 tons 
with a draught of 17 ft. and a submerged displacement of 
3,600 tons ; its length is 363 ft. 6 in. and its breadth 29 ft. 
10in. A smaller submarine, the O01, to be constructed in 
accordance with the 1922-23 programme, will also be 
built and engined at Chatham. It will have a surface 
displacement of 1,480 tons and a submerged displacement 
of 1,750 tons, but its dimensions are not yet available. 
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ELECTRIC TRANSFORMERS AT THE BRITISH EMPIRE EXHIBITION. 


COMPANY, LIMITED, ENGINEERS, LOUGHBOROUGH. 


CONSTRUCTED BY THE BRUSH ELECTRICAL ENGINEERING 








Fic. 1. 550-Kv.a. 3 AND 6-PHASE TRANSFORMER 

















BRUSH TRANSFORMERS AT THE BRITISH 
EMPIRE EXHIBITION. 


TRANSFORMERS manufactured by the Brush Electrical 
Engineering Company, Limited, of Loughborough, 
are to be seen at Wembley, both on the company’s 
stand in the Palace of Engineering and in the main 
sub-station alongside the Power House in the same 
building. The transformer illustrated in Fig. 1, above, is 
in service in the sub-station transforming the three- 
phase 3,300-volt supply to six-phase 330-volt current 
for use in the rotary converter. The transformer is 
rated at 550 kv.a. It is contained in an oil-filled tank 
made of welded plates and provided with abundant 
cooling pipes. The cylinder seen supported on brackets 
at the end is an expansion chamber, the function of 
which is to allow the oil to expand and contract with 
changes of temperature without overflowing or coming 
into contact with the external air, which would tend to 
oxidise it. The expansion chamber is fitted with a 
gauge glass to enable the oil level to be observed, and 
it is also provided with a ‘ breather ’’ containing cal- 
cium chloride. All air which is drawn into the chamber 
by the contraction of the oil has to pass through the 
calcium chloride, which abstracts any moisture it may 
contain and so keeps the transformer oil from contamina- 
tion by water. The transformer is provided with tap- 
pings giving either a 2} per cent. or 5 per cent. higher 
or lower voltage on the high-tension side. 

To avoid the trouble and delay necessary to change 























FOR Rotary CONVERTER. 


| carried on insulated pillars [7 as 
|forming part of a frame ff 4 
| construction inside the 
! transformer-tank. The top 
|and hottom members of 
the frame constitute guides 
| fer the moving contacts of 
| the switch, which are car- 
j ried on three rods depending from a crosshead plate. 
| This crosshead, and therefore the moving contacts, can 
be raised or lowered by the rotation of a screwed spindle, 
the end of which is external to the tank. The pro- 
| jecting portion of the spindle is provided with holes for 
| the insertion of a tommy-bar, The tommy-bar also 
jacts as a pin which forms part of a simple locking 
arrangement by means of which the switch can be 
| locked only in certain definite positions. Possession 
| of the key of the locking arrangement is essential for 
| operating the switch. 
| The switch operating spindle is fitted with an indi- 
cator, which shows on an indicator plate fixed to the 
top of the transformer tank the voltage of the tappings 
to which the switch contacts are connected. The 
movement of the switch spindle effects the same change 
in voltage on all phases simultaneously. The way in 
which the transformer coils are connected to the switch 
contacts is shown in the diagram, Fig. 3. The contacts 
are so proportioned that no portion of the windings is 
short-circuited when operating the switch. When 
the switch is in its uppermost position, contacts (1) 
| and (2) on each phase are connected together by the 
| switch blades, and the H.T. voltage is then raised to 
| 5 per cent. above normal. When contacts (2) and (3) 
are connected, the voltage is 24 per cent. above normal. 
hows when (3) and (4) are connected as shown in the | 
| diagram, normal voltage is produced. Further motion | 
| of the travelling contacts downwards has the effect: of 
| reducing the voltage to 2} per cent. and 5 per cent. | 
| below normal as the respective positions of the switch | 
|are reached. Before operating the switch the low- | 
| tension side only of the transformer need be switched | 
| out or disconnected from the load. When fitted to | 
/ weatherproof transformers, the operating spindie is | 
| provided with a weatherproof cap to prevent moisture | 
| creeping down the spindle into the transformer tank. | 
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Fic. 2, 3-PHaseE TRANSFORMER WITH VOLTAGE VARYING GEAR. 


RESULTS OF SOME ROLLING EXPERI- 
MENTS ON SHIP MODELS.* 
By M. P. Payng, R.C.N.C. 
(Concluded from page 749). 
Roiiina EXPERIMENTS AMONGST WAVES. 

An adequate experimental investigation into the 
subject of rolling amongst waves, even as far as this is 
practicable in a tank, would necessarily be rather 
lengthy. The experiments actually made were of very 
limited scope, as, owing to pressure of other work, their 
restriction was a primary consideration. For the most 
part the experiments were confined to the simplest 
case of model square athwart the tank, and the waves 
as usual propagated along its length. Until com- 
paratively recently the wave-maker in the tank has 
remained substantially as described by Mr. R. E. 
Froude in his 1905 paper, ‘‘ Model Experiments on 
Hollow versus Straight Water Lines,”’t by which only a 
uniform series of waves could be generated. This 
arrangement was modified a short time back so that 
both uniform and non-uniform waves may be produced 
as required. Most of the experiments were made with 
uniform waves, as results from such experiments best 
lend themselves to rational analysis, but to some extent 
the effect of non-uniform waves on rolling was also 
investigated. 

The same models (A, B and C) were used (though on 
account of the width of the tank they are larger for 
these experiments than would be desired), and they 
were moored similarly (with bow and stern lines). 
The same recording apparatus was used, again in an 
altered position on the truck, on account of the model 
now being placed square across the tank. The heave 
recording arrangement mentioned was now added. 
Apart from occasions when excessive angles of heel were 
produced, the experiments were continued till the 


the voltage ratio of transformers, whether the tap- 


| uniformity of the waves was disturbed by the reflec- 





pings are brought to terminals inside or outside the | 
tank, the Brush Company have developed a high-tension | 


Norton AND GREGORY ENGINEERING SCHOLARSHIPS, 


| tions of their predecessors from the far end of the tank, 
| the model being placed well towards the end at which 
|the wave-maker is situated, to make the interval 


oil-immersed tapping switch which can be operated | 1924.—The following Scholarships, of a total value 4501. | available for experiments (roughly 3 to 14 minutes) as 


from outside the transformer tank. The arrangement | have no 
9 nnum, 


stand at the British Empire Exhibition. Examination | {,nable for three years 


of the illustration will show that the tappings of each| Thomas Blench, Allan Glen’s School, Glasgow : 
phase are brought out to a set of fixed switch contacts | per annum, tenable for three years at Glasgow University. 


w been awarded :—Douglas James Thomas 
as fitted t a ti ri ; ig, | Haynes, Charterhouse School, Godalming : : 8 
2, above po — verde ype gAeagenntne Fe | @ tenable for three years at Cambridge University.| wave heights and periods were also automatically 
. 7 re _— a> ee pany §| John Phillip Berkin, Taunton School: 50/. per annum. 
at Cambridge University. 
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* Paper, abridged, read at the Spring Meeting of the 
201. | Institution of Naval Architects, April 10, 1924. 
{ Trans. I.N.A., vol. xlvii (i), page 158. 
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recorded at the front end of the truck, about 20 ft. 
before reaching the model. Each of the three models 
was tried with and without bilge keels; they were 
ballasted as nearly as possible to the prescribed period 
and metacentric height. For the majority of the 
experiments the motion was recorded as it built up 
from rest under the action of the waves, the model 
being initially at rest in still water and not controlled 
in any way (except by the mooring lines) after the 
wave-maker was started. A small number of experi- 
ments were also made with the model B in which the 
effect of some variation in the initial conditions was 
tried. Each model was tried over a range of wave 
periods of from 1-5 to 2-8 seconds* (length about 
11} ft. to 40 ft.) by 0-2 to 0-3 second intervals. This 
range of periods well embraced the prescribed rolling 
period for the bulged forms (2-53 seconds), but was 
below that for the unbulged (3-005 seconds). Except 
for the lower periods the height of the waves was 
generally the maximum that could be generated, but 
the height diminishes with increased length of wave, 
and the long waves are very shallow. This, combined 
with the fact that the longest wave period was not as 
great as the prescribed rolling period for the unbulged 
form, rendered it desirable to try the latter at a smaller 
period, and model A was accordingly ballasted approxi- 
mately to the same period as that of the bulged forms 
(in addition to its prescribed period), in order to observe 
its behaviour near synchronism, It should be men- 
tioned that the models were tried with each wave period 
at least twice, one with a 5-lb. weight on the bottom and 
once with this weight raised to the level of the beams, 
giving thereby a slight difference in period of about 
ay Second, an amount which, although small, pro- 
duced at periods not too remote from synchronism the 
expected difference in behaviour when rolling. 

The results are given for one model period only, 
viz., that more nearly equal to the prescribed period. 
In Fig. 16, three specimen rolling diagrams are shown, 
as well as the curves enveloping the maximum angle of 
roll. Figs. 14 and 15 show for model A a selection of 
the envelope curves, traced from those drawn on the 
rolling diagrams for the various wave periods, the still- 
water rolling period being stated. Considering first 
the naked model, it is seen from the envelope curves that 
the rolling consists of an alternate building up and 
dying down in a fairly regular sequence, the periodic 
time of the amplitude change increasing markedly with 
increase of period towards synchronism. Near syn- 
chronism, the rolling had generally to be stopped, as 
the angle of roll exceeded 20 deg. or so, with the risk 
of gunwale getting awash, also of carrying away the 
apparatus. There was a tendency for the unbulged 
form (when its period was reduced) to build up to 
these (for the model) dangerous angles more rapidly, 
but the superiority of the bulged forms was not very 
decided except near synchronism, and even so quite 
large angles were obtained with these forms. For 
the unbulged form at the prescribed period, owing to 
the impossibility of approaching synchronism, the 
small slope when the wave period was a maximum was 
never sufficient to produce any considerable rolling. 

The advantage of bilge keels shown by the experi- 
ments in waves is no less marked than in the still- 
water experiments. With the bilge keels fitted, apart 
from the lower wave periods, the envelope curves 
show that the rolling very soon built up to a small 
constant angle, the periodic changes of amplitude 
associated with the naked model being almost elimi- 
nated. The maximum angle of roll obtained near 
synchronism was never more than 7 degs. (as against 
20 degs. or more with the naked models), and was 
very regular for any given wave period. In Figs. 17 to 
22, curves of maximum amplitude of roll for the three 
models are plotted to a base of wave period, and a 
curve of maximum wave slope is shown, namely, 
x X height of wave 

——._——.—_.—_—,, the _ length 
length of wave 


being taken as 


-s (period)?. Asa basis of comparison, theoretical 
~ 7 


curves of forced amplitude of roll are also drawn for each 
model based on the ordinary unresisted rolling assump- 
T,2 
Re where 
a is the maximum effec‘ive wave slope, T, the period 
of the wave, and T the period of the model. The 
maximum amplitude curves for the three models have 
also been plotted to a base of wave period /model period 
(Figs. 23 and 24). On this base, too, curves of theore- 
tical maximum amplitude, due to combination of 
forced and free roll, have been plotted (Fig. 23), 
assuming as initial conditions, that the angle and 
angular velocity of roll, are each zero at the start of 
the rolling with the model on the crest of a wave, the 


: : : T r 
ordinates of this curve being cit The results for 


the naked models near synchronism are relatively in 
accord with their respective extinctive qualities in still 


tions. The ordinate of this curve is a 





* A period greater than 2°8 seconds was unobtainable 
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similar maximum amplitude curve appropriate to the 
slope for an assumed sub-surface wave through the 


centre of buoyancy is also shown, the height of this 
2rv 





being obtained from the usual formulah =h,e 4 
where h, represents the height of surface wave, and h 
the height of wave at depth y below the surface, 1 being 
the length. At first sight it may seem surprising that 
the theoretical amplitude curves for unresisted rolling 
do not coincide with the curves actually obtained for 
the naked models of low resistance. They are, however, 
based on the assumption that initially the model is 
upright and at rest on the crest of the wave, whereas 
this is not necessarily so in the experiments. The exact 
initial conditions are uncertain, and are complicated 
by the fact that, owing to inertia and initial accelera- 
tion of the wave-maker the first one or two waves 
are not of full size or regular period, consequently at 
the first regular crest the model is probably at an 


water, model A rolling the most and C the least. A|down as before, except that while in the initially 


upright condition, the successive maxima of the enve- 
lope rolling curves were constant, when released at 
7 degs. inclination these maxima successively declined 
as the initial free roll became more and more evanescent, 
approaching ultimate constancy. For the initially- 
inclined conditions, with wave periods less than 2-2 secs. 
(nearly 14 secs. for the ship), the model rolled broadly 
in her own period (the time during which the model 
was allowed to roll was restricted to about 14 mins. 
on account of the return waves, and so the free roll 
had not died out); but as the 2-2 second wave period 
was approached, the rolling tended to follow the wave, 
and for greater wave periods than this did so as in the 
initially-upright condition. It is interesting to note 
that the maximum amplitude of rolling amongst waves 
(with the model initially upright) is nearly 7 degs. 
at 2-2 secs. wave period, thus supporting in conjunc- 
tion with the above the premise as to the mean period 
of the combined roll taking place in the forced or free 


inclination and moving with a certain angular velocity. | roll period, according as to which has the greater 
Also the model is of quite finite beam (about 30 in.) com- | amplitude. The maximum angle of roll was naturally 
pared with the size of the waves, instead of being of | greater at all periods for the 7 degs. initial heel than for 
small dimensions, as generally assumed for theoretical | the upright initial condition, although in the neigh- 
considerations ;_ the resistance to rolling, too, although | bourhood of synchronism there was but little differ- 
small, must likewise act to reduce the amplitude of the | ence : an angle of roll of 10 degs. was attained at a wave 


ENVELOPE CURVES OF ANGLES OF ROLL AMONG UNIFORM WAVES 
WITHOUT BILGE KEELS 4 
NOTE: NUMBERS ON CURVES REFER TO PERIOD OF WAVES IN SECONDS 
Fig. 14. Fig. 16. 
MODEL A AT 2-44 SECS. PERIOD TYPICAL ROLLING RECORDS 
MODEL A IN WAVES OF 2-IS SECS. PERIOD 











BELOW SYNCHRONISM 
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Figq. 15. 
MODEL A WITH BILGE KEELS AT 2-56 SECS. PERIOL 
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model. Using the height of the sub-surface waves, the | period of about 0-86 that of synchronism, whereas 
agreement is somewhat closer, though the difference | before this was not achieved until within 0-93 of 
is still considerable. | synchronism. , Suds 
The heaving motion was very regular in its amplitude | Experiments were made with model B with its 
(both with and without bilge keels), and is shown | middle line inclined at 45 degs. to the line of advance, 
plotted to a base of wave period for the three models, | with and without bilge keels, in a series of uniform 
together with wave heights in Figs. 17 to 22. At the | waves, the waves meeting the bow first. The ampli- 
larger wave periods, both below and above synchronism | tude of the rolling was appreciably, though not greatly, 
the heaving amplitude was generally slightly less than | reduced from the condition when the model was broad- 
the wave height. For the lowest wave periods, how- | side to the waves. Near synchronism moderately 
ever, in the neighbourhood of 14 seconds (9} seconds | heavy rolling was developed ; for example, when the 
for ship), the model heaved into and out of the wave, | wave period was 0-95 of the ship’s period a maximum 
the amplitude being in fair excess of the wave height, | angle of 114 degs. was reached as against about 14 degs. 
so that it was considered unsafe to try the models| when the model was broadside to the waves. The 
in waves which were too steep at these low periods. | period of heave throughout was the same as that of 
The period of free heave is probably a little less than | the waves, and its amplitude near synchronism (for 
9} seconds. There was a tendency for the bulged | rolling period) was unaffected, but for low period waves 
forms to heave to a slightly greater extent than the! the amplitude was reduced. When the wave peri¢ 
unbulged model. The period of heave throughout | was 1-4 to 1-6 secs. the heave was about half that 
these experiments was practically identical with that | for the broadside condition. ; 
of the wave. | The salient features of the results of the wave experi- 
The model B, (ex bilge keels), ballasted as closely | ments appear to be :—(a) The marked sensitiveness of 
as possible to the prescribed period and stability, was | the rolling motion to wave period near synchronism 
heeled to an angle of 7 degs. by adding a weight well | with the naked models, and the effective damping of 
out from the middle line to test the effect of initial | this roll which results from the bilge keels, it not being 
conditions. The weight was suddenly removed when | found possible to roll the models fitted with bilge keels 
the crest of the first regular wave was approximately | to large angles under any of the conditions tried ; 
a wave-length before the model. The model was /|(b) The additional resistance to rolling of the naked 
rolled (over a range of wave periods) in waves of the | bulged form (as found by the still-water experiments), 
same period three times, viz., one with an initial heel | compared with the naked unbulged form, although © 
of 7 degs. to port, i.e., towards the waves; then with | service in restricting the amplitude of roll amongst 
an initial heel of 7 degs. to starboard, i.e., away from | waves, is not sufficient to prevent heavy rolling when 
the waves; and, finally, initially upright, as in the | near synchronism ; (c) when the rolling period is well 
preceding experiments, for comparison. The rolling | removed from synchronism the rolling is very moderate 





with the old arrangement of wave-maker. 


consisted of a phase motion, building up and dying’ in all cases; (d) steep waves of comparatively small 
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period (about 14 secs.) distress the models to a marked | many experiments after) the return waves from the 
extent by imposing large heaving oscillations, generally | farend of the tank were influencing the behaviour of 


slightly more marked in the bulged forms ; (e) a point 


of interest is that the mean period of roll amongst 











the model. It was not found possible by any of the 
| changes tried to roll the model directly to anything 




















Vane experiments were undertaken with the bulged 
Model B to see if there was any deviation of flow along 
the naked model surface from the diagonal plane in 
which the bilge keels are fitted in the ship at a series of 







































































































































uniform waves was found to be virtually the same as | more than small angles (say 3 to 4 deg., as a maximum). T Vv 
the wave period over the range of wave periods tried | After the waves had returned, however, considerably ABLE IV. 
(1:5 secs. to 2-8 secs.). The specimen rolling diagrams | heavier rolling was frequently induced (in one case up Added 8 ” 
in Fig. 16 afford an illustration of this, where model A, | to 17} degs.), although the resulting rather confused coy toatl RR “pp 
with a still-water period of 2-44 secs., is shown to| surface of the water did not appear in any way steep, Model. Bilge Keels | (C) due to Remarks. 
have mean rolling periods of 2-15 and 2-64 secs. when | but in this connection it should be observed that heavy (Sq. Ft.). | Bilge Keels. 
placed broadside to waves whose periods approximate | rolling from the return waves was not peculiar to the 
to those times. It is probable that the amplitude of | non-uniform waves. Rolling amongst the non-uniform Ag 4,300 0-074 ae ol ase vende 
the forced roll is greater than that of the free, so that | waves occurred generally in a period which is broadly B2 2,075 0-041 E.H.P. 
the mean period of the resultant roll for the ship will} that of the model. The heave for the greater part of BS — 0-035 = 2-421 v3, 
be the period of the forced roll; (f) A question was | the experiments occurs in a period of about 1-3 to ~ ‘tI bel a 
i : : ; . B3 was a modifica- 
raised as to whether the bulges help the water (in a | 1-4 seconds (8 to 9 seconds in the ship), which, although tion from B2. 
sea-way) to mount the deck. Observations were made | considerably greater (by about 40 per cent.) than the 
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Fig. 23. 
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during the rolling experiments amongst waves, but | 
under these conditions (which, of course, may well be | 
different from those obtaining at sea) this tendency was 
not evident. So far as these experiments go it would | 
appear probable that any excess of wetness associated | 
with the bulged forms is directly incidental to their | 
heavier rolling, and if this could be prevented the wet- | 
ness would also be diminished. 

Subsequent to the experiments previously described, | 
a few, were made, with model B, in which the period | 
of the waves was irregular, the new driving arrange- | 
ment for the wave-maker having been installed in the | 
meantime. Naturally there is an infinite variety of | 
Wave conditions that can be thus represented, but the | 
experiments were restricted to a few such swells «nly. | 
It should be borne in mind that, although the generation 
of the waves was varied systematically, owing to the | 
distance they have to travel and their varying speeds, | 
th> waves do not reach the model in sequence the same | 
as generated. The range of variation of wave periods | 
extended from 1-15 to 2-5 seconds, though in some of 
the experiments the variation was not over the full | 
extent of this range. The changes were in all cases | 
made regularly, and were continued until (and in! 
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theoretical period of unresisted heaving motion, is 
probably about the natural period of heave. The 
amplitude of heave rises and falls regularly in the group 
period of the waves, and is generally less than in 


The above remarks apply to the model without bilge 
keels. When the bilge keels are fitted, the rolling 
period of the model—and to a less extent the heave 
period—tends to follow the wave period rather than the 
model period. This is probably due to the greater 
difficulty in building up a “free roll” in the model, 
the oscillations being mainly forced. 


Brat Keret RESISTANCE AND VANE EXPERIMENTS, 


The resistance of each of the three models was 
measured at a number of speeds with the bilge keels 
fitted, and then, when these were removed, the average 
model resistance over the speed range, due to the 


keels (expressed in © form), are as in!Table IV. 


The results for the bulged forms are a little high in 
relation to that for the unbulged form, when regard is 
paid to their areas, but the advantage of the reduced 
area in the bulged forms is still substantial. 








WAVE PERIOD _T 
MODEL PERIOD T 


points in the length. Similar experiments were made 
by Mr. R. E. Froude some years back with the unbulged 
form, and it was found that there was an appreciable 
downward deviation near the fore-end of the bilge 
keels, and a reduction of resistance was effected by 
tilting up these ends. The apparatus consisted of an 
ebonite vane in the form of a quadrant, the radius of 
which was a little more than the depth of the keels. The 
vane is mounted on a small wire spindle which passed 
through the model—in the plane of the bilge keel— 
so that the edge of the vane lies very close to the 
surface of the model. The inboard end of the spindle 
carried an aluminium pointer, that moved over a 
graduated arc; and although the spindle had to pass 
through the model in a watertight manner, it moved 
with great freedom—the spindle with pointer and 
vane was statically in balance when in place, with the 
model afloat. The vanes were placed in five positions 


along the bilge keel, and experiments were made at 
four speeds and two displacements, the variation 
corresponding to 3 ft. draught in the ship; the effect 
of change of trim was also tried. During the experi- 
ments the pointer (and, of course, the vane) was con- 
tinuously moved by hand from the position it took up 
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so that there should be no question of the pointer 
“ sticking.” 

Curves of angle of vane deviation from the bilge 
keel plane are shown on Figs. 25, 26, 27, the results for 
the unbulged form being also given, together with a 
series of corresponding curves for the latter which 
apply to a plane parallel to the bilge keel plane, but 
6ft. 8 in. (ship dimensions) above it. It will be seen 
that the character of the curves for the bilge keel planes 
of the two forms have a fair measure of similarity, i.e., 
they each indicate a downward flow across the bilge 
keel plane in the fore body and an upward flow in the 
after body. In both cases the curves showed relatively 
little difference with variation of displacement, and 
those given represent the means for the displacements 
tried. As regards the effect of trim, both models 
showed a difference in vane angles somewhat greater 
than the angle of trim, 7.e., the range of trim was1 in 


BILGE KEEL VANE OBSERVATIONS 
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VANE IN BILGE KEEL PLANE 
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50, but the average change in deviation was about 
14 deg. In the unbulged form the forward one-third 
of the length of keels was distorted, so that the fore end 
tilted upwards out of its plane to the extent of about 
1} degrees, and Mr. Froude found this reduced the 
resistance of the keels by a little more than one-quarter, 
though not equally at all speeds. In the bulged 
Model B2 the bilge keels from amidships were tilted up 
1 degree (which resulted in the fore-end of the keels 
being lifted up about 3 ft.), the model becoming B3. 
It is seen from Table IV that the reduction in resistance 
effected is in this case about one-seventh, but, as the 
keels do not extend as far forward in the bulged as in 
the unbulged form, a smaller reduction is rather to be 
expected in their case. The estimated total saving in 
ship resistance obtained is roughly 2 per cent. for the 
unbulged and 1 per cent. for the bulged form. While 
a reduction in bilge keel resistance was effected in the 
two models tried, it is evident from the rather critical 
difference in angle of flow indicated for the parallel 
planes in Model A (Figs. 25 and 27) that other cases 
would have to be considered on their own merits, and 
would doubtless require a different degree (if not of 
character) of modification to the bilge keel trace. 





THE MATHER AND PLATT ELECTROLYSER. 


WHEN a direct current is passed through a solution 
of common salt decomposition takes place, with the 
liberation of hydrogen gas and the production of a 
solution of sodium hypochlorite. It has long been 
known that sodium hypochlorite produced by elec- 
trolysis is a more active bleaching agent than bleaching 
powder, but it has only recently become possible to 
carry out the process of production at a reasonable 
cost. Early electrolysers were fitted with platinum- 
iridium electrodes which, though practically indes- 
tructible, are of high cost. Improvements have, how- 


ELECTROLYSER AT THE BRITISH EMPIRE EXHIBITION, 


CONSTRUCTED BY MESSRS. MATHER AND PLATT, LIMITED, ENGINEERS, MANCHESTER. 

















native to those of the costly metals. An electrolyser 
with carbon electrodes, made by Messrs. Mather and 
Platt, Limited, of Park Works, Manchester, is shown 
in the illustration above. 

The electrolyser consists of a series of cells erected 
in a frame, which also supports a brine tank above. 
A pump delivers the brine, prepared by dissolving 
common salt in pure water, into the top tank, which 
is made of cast iron, but is lined with vuleanite. . At 
the foot of the tank there is a perforated plate through 
which the brine falls into the cells. These cells are 
formed of carbon plates insulated from each other 
by distarice pieces. Two carbon plates, when brought 
together and only separated by the insulators, form a 
complete trough, with an opening at the top. The 
series of cells are supported on vulcanite-covered steel 
bars at each side of the frame, and are pressed together 
by means of screws at each end. The two end carbon 
plates form the terminal electrodes, and are connected 
to the positive and negative cables of the direct-current 
supply system. As the current passes through the 
brine solution from carbon to carbon the electro- 
chemical reactions take place and some sodium hypo- 
chlorite is produced. Each cell is provided with a 
syphon outlet through which the brine passes, and is 
collected in a concrete trough below. This brine is 
recharged into a circulating tank and is drawn away 
by the pump and discharged into the feed tank again. 
Whenever the level of the brine within the cells is 
such that brine flows from the syphon pipes, the 
current is switched on and the operations are re- 
started. Reversal of the current is effected at intervals 
by the operation of a throw-over switch. When a 
sufficient chlorine strength is attained, the brine is 
pumped into a storage tank. This solution may then 
be retained for two or three days at the prepared 
strength, but it is, of course, better to use the bleaching 
solution on the same day as it is prepared. It may 
be diluted by the addition of water to suit the require- 
ments of the bleaching operation in progress. 

The most economical brine solution to use is fixed 
by the relative cost of salt and of electricity, but a 
124 per cent. solution is the best for average conditions. 
This is prepared by dissolving 1} Ib. of salt in a gallon 
of water. The circulation through the electrolyser is 
at a rate of approximately 18 gallons per minute, 


of a high back electromotive force due to the presence 
of the gas and also to prevent overheating of the hypo- 
chlorite which would reduce its value as a bleaching 
agent. To ensure that the temperature in the top 
tank does not exceed 32 deg. C., cooling pipes are 
provided in it. Through these water is passed and 
the rate of flow is regulated to suit the conditions by 
the opening or shutting of a valve. Before the opera- 
tions are completed the brine contains 11 to 12 grammes 
of available chlorine per litre. 

The standard machine with 22 cells is designed to 
work with a current of from 225 to 250 amperes at 
a pressure of 100 to 110 volts. With the solution 
already referred to in use and these power conditions 
operating, about 9 lb. of available chlorine will be 





ever, been made in graphitic carbon, and to such an 
extent as to make electrodes of the material an alter- 


produced per hour. Ancther way in which the yield 
may be specified is that one pound of active chlorine 





is produced from a solution containing 12 Ib. of salt 
and requires three kilowatt-hours of electricity. 

Electrolytic hypochlorite has advantages over 
bleaching powder in being free from lime, and thus 
does not leave the material treated with it in the 
state of hardness characteristic of bleaching powder 
working. Besides its use for bleaching textiles, 
electrolytic hypochlorite serves other purposes. It 
destroys bacteria and has important uses in purifying 
water and making it fit for drinking. 





LIGHT ALLOYS OF ALUMINIUM.* 


By W. Rosenuatn, D.Sc., F.R.S., and S$. L. ARCHBUTT, 
F.1.C. (from the National Physical Laboratory, 
Teddington). 

(Concluded from page 752.) 

Heat-treatment.—In the researches on aluminium 
alloys carried out at the National Physical Laboratory 
the constitution of the various alloy systems has 
been studied in correlation with the investigation of 
the mechanical properties. In regard to certain 
portions of this constitutional work, more especially 
that relating to the equilibrium conditions of the 
solidified alloys knowledge of the facts resulting from 
study of the constitution is essential before an intelligent 
study of properties can be undertaken. ee 

To judge from published work the constitution of 
the solidified alloys has been to a large extent neglected 
in the case of aluminium alloy systems, and it is only 
in the last few years that accurate data have become 
available. The neglect has, no doubt, been due to 
the difficulties of such work, which calls for prolonged 
annealing over periods of days and sometimes even 
weeks, at accurately controlled temperatures, followed 
by very slow rates of cooling. The development of 
apparatus for applying these treatments to solidified 
alloys at the National Physical Laboratory has resulted 
in an accurate knowledge of the equilibrium conditions 
in the solid state of a number of aluminium alloy 
systems, and a satisfactory explanation of the remark- 
able age-hardening process undergone by certain alloys, 
notably those containing magnesium. ; 

The discovery of the mechanism of this age-hardening 





which is sufficiently rapid to prevent the formation | About six years previously one of these authors 


| 


| 


| 


process has been described by Hanson and cag 
that in the case of Duralumin none of the several 
elements contained in this alloy when present alone 
conferred any marked age-hardening property, but 
that the simultaneous presence of magnesium < 
silicon was necessary. Study of the constitution ° 
the aluminium-magnesium-silicon system was, there 
fore, undertaken. A definite compound of magnesium 
and silicon, Mg,Si, was found to occur, suggesting 
very strongly that this compound played an importan 
part in conferring hardening properties. Determine 
of the solubility of this compound in the a 

alloys at various temperatures was, therefore, un of 
taken. Samples of alloys containing varying amoun 


—<—— 





* Paper read before Section D of the Empire Mining 








and Metallurgical Congress, June 4, 1924. __ 
+ J. Inst. Metals, 1921. vol. xxvi, pp. 321-355. 
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of magnesium and silicon in the proportions of the 
compound Mg,Si were maintained at a temperature 
slightly below the solidus for several days and were 
then very slowly cooled at a rate of about 30 deg. C. 
per day to different temperatures, from which they 
were quenched. They were then examined under the 
microscope for the presence of visible particles of 
Mg.Si. The results of these experiments are repre- 
sented in Fig. 8. 

The diagram shows that whereas about 1-6 per cent. 
Mg,Si is held in solution in the solid alloy at a tem- 
perature of 580 deg. C., the solubility has dropped to 
about 0-9 per cent. at 350 deg. C., and to not more 
than about 0-5 per cent. at 30 deg. C. 

Having thus demonstrated the decreasing solubility 
of Mg,Si with falling temperature, the effect of varying 
amounts of this compound on the ultimate hardness 
and tenacity of quenched and age-hardened specimens 
was determined. A duplicate series of chill-cast bars 
was prepared consisting of aluminium to which varying 
amounts of Mg,Si had been added. One set of these 
bars was forged and then tested for hardness, while 
the other set was forged and rolled to strip for tensile 
tests. The test-pieces of each set were then heated 
to 500 deg. C. for one hour, and half of each set 
quenched from this temperature and aged, and the 
other half slowly cooled in the furnace. The results 
of these experiments are represented in Figs. 9 and 10. 
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The diagrams show that the increase in hardness 
and -tenacity of the quenched alloys on ageing rises 
progressively with the amount of Mg,Si present until 
the limit of solubility, about 1-5 per cent., is reached, 
after which the total increase in hardness remains 
practically constant. It would, therefore, appear that 
the extent of the age-hardening which takes place is 
roughly: proportional to the amount of Mg,Si in solu- 
tion at the moment of quenching. 

Further, to confirm this view, experiments were 
undertaken in a similar manner on other alloys of the 
ternary system not necessarily containing magnesium 
and silicon in the proportions required for the compound 
Mg,Si. Here again it was found that the hardness 
due to ageing increases with the amount of Mg,Si in 
solution up to the limit of solubility at the quenching 
temperature. 

The results described leave little doubt that the 
hardening which takes place after quenching is due to 
the reversion towards a more stable state, of magne- 
sium and silicon retained in solution in a metastable 
condition as the result of quenching. It would appear 
that the hardening is caused by the precipitation at 
atmospheric temperature, from the solidified alloy 
supersaturated with regard to magnesium and silicon, 
of very minute particles of the compound Mg,Si. If 
the temperature is raised somewhat, to 100 deg. or 
150 deg. C., the rate of hardening after quenching 
can be accelerated, and with certain alloys the hard- 
ness normally attained can be considerably improved. 

It should be mentioned that the above account of the 
age-hardening process applies strictly only to alloys of 
aluminium with silicon and magnesium. Where 
copper is also present, it plays a part in the process. 
American investigators,* studying the action of copper, 
concluded that age-hardening was due to the disperse 
separation of the compound 2 from supersaturated 
solid solution in quenched alloys. More recently a 
detailed study of a portion of the complex quaternary 
equilibriaft has proved that both Mg,Si and CuAl, are 
concerned in the action, the former being mainly effec- 
tive in age-hardening at ordinary temperatures, and the 





_* Mercia, Waltenberg and Scott, U.S. Bureau of 
Standards, Sci. Paper 347, 1919. 
t Gayler, J. Inst. Metals, 1923, vol. xxx, page 139. 








latter at temperatures between 150 deg. and 200 
deg. C. 

The explanation of the age-hardening process in 
certain aluminium alloys which has thus been arrived 
at leads to the important generalisation that wherever 
in any alloy a supersaturated solid solution can be 
formed by quenching, and can subsequently be allowed 
or caused to revert towards a more stable state by 
separation of minute particles of the dissolved sub- 
stance, hardening and tempering become possible. 
This not only opens up great future possibilities in 
regard to the heat-treatment of alloys, but also serves 
to link up the phenomena discovered in aluminium 
alloys with the well-known hardening and tempering 
of steel. The essential similarity of these processes 
had been recognised and pointed out by one of the pre- 
sent authors long before the full explanation had been 
worked out. It has recently found further and striking 
confirmation by the fuller study of similar phenomena 
in some of the binary aluminium-zinc alloys. 

The equilibrium diagram of this system, as recently 
worked out at the National Physical Laboratory, has 
already been given (Fig. 2, page 750 ante). In this 
diagram the lines FKH and IKL, bounding the region 
in which the constituent 8 exists as a stable solid solu- 
tion, show a striking similarity to those lines of the 
well-known iron-carbon equilibrium diagram which 
bound the region in which the solid solution of carbon 
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in y-iron (austenite) is stable. The similarity of 
diagram corresponds to an exact similarity of behaviour, 
with differences due essentially to the fact that in the 
aluminium-zine alloys atmospheric temperature is 
only 250 deg. C. below the transformation temperature, 
while in steel this interval is nearly 700 deg. C. The 
behaviour of these aluminium alloys at room tempera- 
ture should therefore be compared with that of steel at 
500 deg. to 600 deg. C. 

If specimens of zinc-aluminium alloys containing 81 
and 79 per cent. zinc are quenched from 360 deg.C., 
at which temperature they consist wholly of the 6 
constituent, and hardness measurements are made 
at short intervals, results are obtained such as are 
shown in Fig. 11. A rapid increase in hardness is 
observed. The maximum hardness is attained in a 
period of five or six minutes, and is followed by gradual 
softening. Temperature measurements made on simi- 
larly prepared specimens, shown in Fig. 12, indicate 
that the temperature rises and attains a maximum 
concomitantly with the hardness. The similarity 
between the curves representing rate of hardening 
and increase of temperature is striking, and justifies 
the conclusion that the increase in hardness is the 
direct result of the decomposition of the 8 con- 
stituent. 

These phenomena are in full agreement with the 
explanation of age-hardening and of hardening in 
general—already indicated. If slowly cooled, the f 
of the aluminium-zinc alloys decomposes into a eutec- 
toid mixture of a and y, which is microscopically 
almost indistinguishable from the “ pearlite” of 
carbon-steels. In the quenched alloys it has been 
found possible,* by very rapid manipulation, to follow 
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* Hanson and Gayler, J. Inst. Metals, 1922, vol. 
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with the microscope and even to photograph the suc- 
cessive stages of the process, which consists first in 
the breakdown of the under-cooled solid solution (8) 
by the separation of, very minute particles of a and 
y. -As room temperature for these alloys is high 
enough to allow the process to go further, in much the 
Same way as when steel is tempered at 500 deg. C. or 
600 deg. C., these minute particles progressively coalesce 
becoming visible under the microscope in a series of 
forms closely resembling the troostite and sorbite of 
tempered steels. Two of these stages are illustrated 
in Figs. 13 and 14. These changes can be inhibited 
by keeping the quenched alloys at low temperatures, 
as in liquid air. 

The rapid increase in hardness in the early stages of 
the process is to be ascribed to a rapid increase in the 
number of minute particles separating from the solid 
solution; as this stage attains its maximum, accom- 
panied by the maximum in the temperature, a second 
process, whereby the particles coalesce into fewer and 
larger bodies, sets in, and this is accompanied by gradual 
softening. In quenched carbon steels, the first stage 
occurs during the quenching itself, and the second stage 
only sets in when the hardened is tempered by re- 
heating. In alloys of the Duralumin type, on the 
other hand, the first stage is only gradually reached in 
about 100 hours at room-temperature, or rather more 
rapidly if the alloy is warmed ; the second stage does not 
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set in at room-temperature even after many years, 
heating to at least 200 deg. C. being required. 

The study of the behaviour of solid solutions of other 
elements in aluminium has led to another interesting 
series of results. These relate to the improvement 
which can be produced in certain alloys, notably the 
binary alloys of aluminium and copper,* by the simple 
process of bringing about the formation of fully satu- 
rated solid solutions even without relying upon their 
subsequent decomposition, which is characteristic of 
age-hardening. Thus, under equilibrium conditions, 
aluminium can hold 5 per cent. of copper in solid 
solution at 500 deg. C., and even at ordinary tempera- 
tures about 3 per cent. Yet, if an alloy of aluminium 
with 4 per cent. copper is prepared in the ordinary 
way, it is found to contain a considerable amount of 
free CuAl,, visible as a kind of network in the micro- 
structure. This is due to a rate of cooling too rapid to 
allow true equilibrium to be obtained, and results in a 
weak and relatively brittle material, since the crystals 
of CuAl,, although moderately hard, are not at all 
ductile. The application of heat and work during 
forging and rolling effects a certain measure of improve- 
ment, but the full result can only be attained by pro- 
longed heating at about 500 deg. C. This causes the 
entire disappearance of CuAl, from the microstructure, 
and this solid solution, after cooling down, undergoes 
only a slight age-hardening by the separation of about 
1 percent. of copper. Even before this occurs, however, 
the alloy is found to be much improved in regard to 
mechanical properties. The following are some typical 
tensile results on a copper-aluminium alloy containing 
4-5 per cent. copper in the form of 1-in. diameter 
chill-cast.. bars. 





Cast. 
Cast, Annealed. 
Wrought, Quenched 
and Aged. 


Cast, Quenched and 
Aged, 
Wrought, Annealed. 





Maximum stress (tons per | 


sq. in.) on ie a 15 | 17-3| 12 | 20-7 
Elongation (per cent. on 
2 in.).. He <4 --| 11-0] 15 | 25-0] 23 | 21-0 

















* «Eleventh Report of the Alloys Research Committee, 
Institution of Mechanical Engineers,” 1921; see also 
Hanson and Gayler, J. Inst. Metals, 1923, 29, 491. 
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The outline of recent researches and developments in 
light alloys of aluminium indicates clearly that not only 
has very great progress been made in the study and 
development of these materials, but that a stage has 
been reached where a number of alloys of remarkable 
and valuable properties are placed at the disposal of 
designers and constructing engineers. It is not, of 
course, suggested that anything like finality has yet 
been reached. It is quite possible, and even probable 
that entirely new alloys of still better properties may 
be discovered, although the available field has been 
somewhat extensively explored. Also, in regard to 
the existing types of alloys, there is need for further 
research and room for much further improvement. 
There is, however, one stimulus for further progress 
in these directions which is to some extent lacking, and 
that is the really adequate utilisation of the materials 
now available in engineering and technological practice. 
The advantages of utilising light materials of high 
strength are in themselves fairly obvious, and they 
have been repeatedly pointed out in considerable 
detail. ' 

The saving of dead-weight in very large structures, the 
saving of mass which has to be set in motion and stopped 
alternately and frequently, whether in the reciprocating 
parts of high-speed machinery or in moving vehicles 
which have to start and stop frequently, can scarcely be 
overlooked or denied. Yet, actually, the use of light 
alloys for such parts is confined almost entirely to those 
special applications where the saving of weight and 
the attainment of the highest degree of efficiency are of 
primary importance—as in the construction of aircraft 
and certain parts of motor-cars. It would be possible 
to point to many other uses which, so far, have been 
left untouched. 

In view of these facts it is, perhaps, worth while to 
inquire what are the reasons for the comparatively slow 
progress of the new type of constructional material ? 
The most serious of these is, undoubtedly, the high 
cost of light alloys. This undoubtedly sets a limit to 
their practical application, which would inevitably 
assume much greater proportions if the price of the 
predominant metal aluminium could be reduced to 
something of the order of one-third of the present figure. 
This ratio already takes into account the fact that 
while, weight for weight, the aluminium alloy is much 
more expensive, a given weight used in construction is 
equivalent to nearly two and one-half times the same 
weight of steel. It may be pointed out, however, that 
in some special cases, where the weight of the structure 
itself constitutes the main load to be carried, this ratio 
may be squared in order to arrive at the relative value 
of the two materials, and in such cases the advantage 
may even lie with the aluminium alloy at present 
prices. The question whether the cost of aluminium 
production can be lowered sufficiently to enable the 
alloys of this metal to compete with steel for general 
application lies somewhat outside the scope of the 
present paper. Such a reduction in cost must, 
obviously, depend in part upon a solution of the old 
problem of rendering available for aluminium produc- 
tion raw material of a cheaper kind than the bauxite 
ores which are at present almost exclusively used. 
There is, however, one aspect of the question which 
may be worthy of mention. Attention has recently 
been’ drawn to the fact that the available supplies 
of the more important non-ferrous metals appear to 
be strictly limited and that, with the rate of consump- 
tion steadily and rapidly growing, approaching exhaus- 
tion of ore supplies is likely to make itself felt possibly 
within the lifetime of the younger men now living. 
It has also been pointed out that exceptions to this 
statement are to be found in a small group of metals 
whose occurrence in the earth’s crust is so widespread 
that their supplies—.if they can be rendered available— 
are very far from exhaustion. This group includes 
silicon, zirconium, and aluminium. The time may 
therefore come when the intensification of demand and 
the relative rise in the prices of other metals may very 
materially affect the economic position of aluminium 
and its alloys. 

Apart from the question of cost, there are certain 
technical considerations which have hitherto served to 
restrict the application of light alloys. Perhaps the 
most serious of these is the fear that parts made of 
such materials may fail from either corrosion from 
outside or from spontaneous deterioration from within. 
With regard to the latter, it is, fortunately, possible 
to dismiss the doubts or misgivings very definitely. 
Extensive tests in regard to inherent stability have 
been carried out on a large number of alloys by the 
present authors, with the result that the occurrence of 
any form of spontaneous disintegration has never been 
found in any true light alloy of any of the types referred 
to in this paper. It seems that doubt has been cast 
on the permanence or stability of aluminium alloys 
owing to the fact that certain castings, loosely described 
as “‘aluminium alloys” have actually disintegrated, 
particularly when exposed to tropical conditions of 
service, It has, however, been shown by one of the 


authors* that such castings are not properly to be | that exposure to corrosive conditions only occurs in 
described or regarded as being of the nature of “ light | special types of construction, and that in a very large 
alloys,” but are actually made of a type of alloy con- number of cases the metal is only exposed to the action 
sisting largely of zinc, and also containing some copper | of the atmosphere with a little occasional moisture. 
and aluminium. The instability met with in some | In such cases, even if entirely unprotected, the more 
of these by no means light alloys is, however, of a very | resistant light alloys stand exceedingly well, so that 
special type, and is entirely associated with the presence | for all uses where specially corrosive conditions are- 
in them of a particular micro-constituent or “ phase ’’ | excluded, there need be little or no fear of rapid 
which does not occur in the light alloys, with which we | deterioration from such a cause. 

are dealing. The authors consider that, both from{| Another factor which affects the practical applica- 
their experiments and from accumulated experience of | tion of these, as of all new materials is the natural 
the use of light alloys, it may safely be said that light | conservative caution of the responsible designer and 
alloys of the types here described are not liable to | constructor. Where a part of a structure can be made 





spontaneous deterioration. 
The problem of corrosion is more difficult. Alumi- 
nium, and still more some of its alloys, are subject to 


12. 





77 PER Cent. ZINC. QUENCHED 
Etcuep 1} Minutes 
x 600. 


Fia. 13. 
FROM 370 DEG. C. 
AFTER QUENCHING. 


corrosion, particularly when exposed, unprotected, to | 
the action of sea water, or still worse, to sea-water 
spray. The alloys differ widely among themselves in | 
this respect, those containing both zinc and copper | 
being most rapidly attacked, while Duralumin and | 
*“Y” alloy, as also the alloys containing considerable 
amounts of silicon, are much more resistant. None 
the less, even the best of such alloys, and pure alumi- 
nium itself, cannot be placed unprotected in situations 
exposed to severely corrosive conditions for any great 
length of time without suffering seriously. It must be 
borne in mind, however, that precisely similar remarks 
apply to the use of unprotected iron or steel in such 
situations, but here absolute necessity has led to the 
development of protective coatings or paints which, 
while admittedly imperfect, are yet sufficiently effective 
in practice. The far less extended use of aluminium | 
alloys has not as yet led to the evolution of equally effec- 
tive protective coatings on a commercial scale, but their | 
coming is not likely to be long delayed ; experimentally, | 
coatings of high resistance to corrosion and even to | 
accidental mechanical injury have been prepared, and | 
their application on an industrial scale is not likely to | 
be difficult. Meanwhile, however, it must be realised | 
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* Rosenhain, J. Inst. Metals, 1922, vol. xxvii, page | 
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| of a well-known and reliable material like iron or steel, 
| there is a very natural tendency to make it of that 
| well-tried metal and to Icok upon new alloys with 
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some degree of suspicion. As against this natural 


| caution, several suggestions may, perhaps, be advanced. 


The first is that in many ways engineering progress 
must depend upon the fullest utilisation of the best 
materials for a given purpose, and that the engineer 
who, by undue caution, fails to avail himself of such 
new materials may find himself outstripped in efficiency 
and in other ways by more enterprising men who make 
full use of modern resources. Next, it may well be 
pointed out that the new aluminium alloys are in a 
very different position from that of many new materials 
—more particularly as compared with materials which 
are, from the first, introduced for purposes of com- 
mercial exploitation. Many of these light alloys are 
the outcome of scientific research conducted for the 
sole object of advancing the metallurgy of these metals, 
without any commercial purpose. Further, these 
materials have received a degree of accurate study and 
scientific investigation which may well claim to be 
unequalled. They tlrerefore come into the hands of 
the engineer with credentials of a very different order 
from those ordinarily available. Finally, the use of 
light alloys under severe conditions—as, for instance, 
in the pistons of large aeronautical and Diesel engines, 
in connecting rods of petrol engines, and for similar 
specially stringent purposes—has fully justified the 
confidence in them derived from scientific research. 
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